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L. Description

The LAPD tank is an industrial low pressure storage tank. The tank is flat bottom with a dished
top. The tank will contain liquid argon.

There is no directly applicable code covering the LAPD tank. API 620 (2002), appendix Q was
used as the design and fabrication basis for the LAPD tank. The closest code was APl 620 (2002),
Appendix Q, “Low-Pressure Storage Tanks for Liquefied Hydrocarbon Gases”. APl 620, 10™
edition, appendix Q was used as the design and fabrication basis for the LAPD tank.

Highlights of APl 620 (2002), Appendix Q:
* Covers low-pressure flat-bottomed carbon steel storage tanks
* Vapor space design pressure of up to 15 psig
* Low pressure storage tanks for liquidized hydrocarbons down to -270 °F
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II. FESHM 5031.5 compliance

The ‘Responsibilities’ section of 5031.5 lists the requirements for low pressure tanks.
Compliance to the ‘responsibilities” is detailed in the following table, by FESHM 5031.5
paragraph.

Compliance to FESHM 5031.5 ‘Responsibilities’:

Paragraph | Compliance

1. Done. The MAWP is established by Midwest Imperial Design calculations per API
620.

2. Done. A relief valve is installed.

2.1 Done. Relief valve sizing calculations are documented

2.2 No action needed

2.3 No action needed

2.4 Capacity certified by relief valve manufacturer and set points tested at Fermilab.

2.5 Done. In vessel engineering note

2.6 Done. In vessel engineering note

3. FESHM 5033 not applicable since PxV is less than 515

3.1 Not applicable

3.2 Done. Vacuum relief installed

4, Set point tested and tested as installed.

5. Will not be operated until the relief valve is installed and documentation
requirements are satisfied

6. Testing is documented in the vessel note
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LOW PRESSURE VESSEL SUMMARY
FOR CHAPTER 5031.5

Prepared by:  Terry Tope, Richard Schmitt,
Mark Adamowski
Date: 08/23/11

THIS VESSEL CONFORMS TO FERMLAB ES&H MANUAL
CHAPTER 5031.5

Vessel Title LAPD TANK

Vessel Number

Maximum Allowable Working Pressure (MAWP)

Internal Pressure 3.0 psiat -320F /100 F
External Pressure 0.2 psiat -320 F/ 100 F
Working Temperature Range -320 | °F | +100 | °F
Contents Argon liquid / gas
Designer / Manufacturer Midwest Imperial Steel Fabricators, LLC
Vessel Drawing # | Location of Original
Y08-125 sht 1 (by Midwest Imp. Steel) DOCDB LARTPC-DOC-408
Y08-125 sht 2 (by Midwest Imp. Steel) DOCDB LARTPC-DOC-408
ME466366 (insul. and tank support) DOCDB LARTPC-DOC-514

Operating Procedure:

Is an operating procedure necessary for the safe operation of this vessel? Yes

Tank filling procedure is referenced in the appendix.

Additional Information:

This tank is designed to the best available standard. The closest standard is API 620. This
tank does not fall within the scope of API 620. However the applicable sections of API 620
were applied in the tank’s design.

List of Reliefs and Relief Settings:

Manufacturer Model # Set Pressure Flow Rate Size

5,271 SCFM air
3 psig internal / @ 10% OP

Anderson 9390C0655TC 0.18 psig 1,018 SCFM air 6x8 inch
Greenwood Pilot relief valve .
external @ 0.2 psig
external
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IV. Design Calculations
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IV. A. VENDOR INITIAL CALCULATIONS
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MIDWEST IMPERIAL STEEL FABRICATORS, LLC
400 S. LaGRANGE ROAD, FRANKFORT, ILLINOIS 60423

CUSTOMER
FERMI LAB
KIRK ROAD & WILSON STREET
BATAVIA, IL 60510

CUSTOMER PURCHASE ORDER
583306

DESIGN CALCULATIONS FOR

LIQUID ARGON TANK
TAG # ME-444715
120"0OD x 120" SEAM / SEAM
WITH DISHED ROOF AND FLAT BOTTOM

Vessel designed with Etank 2000
MIFAB JOB No. Y08-125

DESIGN CODE API 620 10th Edition, Feb 2002
DESIGN PRESSURE 3 psi internal / 0.2 psi external
DESIGN TEMPERATURE -320 TO 100 DEGREES F
SERIAL NUMBER Y08-125

YEAR BUILT 2009

RADIOGRAPHY None

POST WELD HEAT TREATMENT None

CONSTRUCTION TYPE Welded

SIGNATURES

APPROVED: e ﬂ//%é'm DATE: -"",/ f’?/ o

[
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M I FAB - Y08-125
TANK REPORT: Printed - 11/19/2008 11:41:27 AM

ETANK SETTINGS SUMMARY

To Change These ETank Settings, Go To Tools->Options, Behavior Tab.

No 650 Appendix F Calcs when Tank P = Q0 -> Default : False
Repad 650 Design Basis

-> Default for Tank Roof Nozzles : Use API Default 1/4 in.
-> This Tank : Use API Default 1/4 in.

Show MAWP / MAWV Calcs : True

Enforce API Minimum thicknesses : True

Enforce API Maximum Roof thickness : True

Enforce Minimum Self Supp. Cone Pitch (2 in 12) : True

Force Non-Annular Btm. to Meet API-650 3.5.1 : False

Set t.actual to t.required Values : False

Maximum 650 App. S or App. M Multiplier is 1 : True

Enforce API Maximum Nozzle Sizes : True

Use Jawad External Pressure in Wind Girder Calcs : True

Max. Self Supported Roof thickness : 0.5 in.

Max. Tank Corr. Allowance : 0.5 in.

Shell external pressure/wind t-min includes C.A. : False
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M I FAB - Y08-125
TANK REPORT: Printed - 11/19/2008 11:41:27 AM

SUMMARY OF DESIGN DATA and REMARKS

Job : Y08-125

Date of Calcs. :11/19/2008 , 11:41 AM

Mfg. or Insp. Date : 11/17/2008

Designer : SCwW*

Project : FERMI LAB P.0O. 583306

Tag Number : ME-444715

Plant : FERMI LAB

Plant Location : FERMI LAB

Site : FERMI LAB

Design Basis : API-620 10th Edition, Feb 2002

TANK NAMEPLATE INFORMATION

~ Operating Ratio: 0.4

- Design Standard:

- API-620 10th Edition, Feb 2002 =
- (None)
- Roof : A-240 Type 304: 0.1875in. =
- Shell (1 TO 3): A-240 Type 304: 0.1875in., 0.1875in. -
- Bottom : A-240 Type 304: 0.25in. =

Design Internal Pressure = 3 PSI or 83.14 IN. H20
Design External Pressure -0.2 PSI or -5.54 IN. H20

MAWP = 15.0000 PSI or 415.70 IN. H20

MAWV = -0.4162 PSI or -11.53 IN. H20

Design Temperature = 100 Deg.F

Seismic Zone = 1 Importance Factor =1

Site Amplification Factor = 1.5 Basic Wind Velocity = 0 mph
Ground Snow Load = 20 lbf/ft"2 Roof Live Load = 20 1bf/ft"2
Added Roof Dead Load = 0 1lbf/ft"2

S.G. of Contents = 1.39 Tank Joint Efficiency = 0.7
OD of Tank = 10 ft Shell Height = 10 ft

Max. Lig. Level = 10 ft
DESIGN NOTES

NOTE 1 : Per API-650 F.7.6 - Hydro test pressure = 1.25 * P
= 3.75 PSI or 103.93 IN. H20
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TANK REPORT:

SUMMARY OF RESULTS

Shell Material Summary (Bottom is 1)

M I FAB - Y08-125
Printed - 11/19/2008 11:41:27 AM

Shell Width Material
# (ft)

Weight
(1bf)

Sca = 8340 (Per 5.5.4.3)
= 8,340 PSI (Allowable Compressive

2 5 A-240 Type 304
Sca = 8340 (Per 5.5.4.3)
= 8,340 PSI (Allowable Compressive

1 5 A-240 Type 304

Stress)
22,500
Stress)

22,500

8,340

1,260

Total Weight

Shell API 620 Summary (Bottom is 1)

t.actual
(in.)

Shell t.1int620 t.ext620 t.required
# (in.) (in.) (in.)
2 0.0229 0.0313 0.1875
1 0.0344 0.033 0.1875

Self Supported Umbrella Roof; Material = A-240 Type 304

t.required = 0.062 in.
t.actual = 0.1875 in.
Roof Joint Efficiency = 0.7

Weight = 656 1bf

Bottom Type: Flat Bottom: Non-Annular
Material = A-240 Type 304
t.required = 0.25 in.
t.actual = 0.25 in.

Bottom Joint Efficiency = 0.7

Weight = 869 1bf

ANCHOR BOLTS: (8) lin. UNC Bolts, A-193 Gr B7

Page 3 of 42
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M I FAB - Y08-125
TANK REPORT: Printed - 11/19/2008 11:41:27 AM

<Roof Design Per API 620>
UMBRELLA ROOF: A-240 Type 304

E = Roof Joint Efficiency = 0.7
Lr = Entered Roof Live Load = 20 1lbf/ft?2
Lr 1 = Computed Roof Live Load, including External Pressure

Lr 1 = Lr + External Pressure
= 20 + 0.2%144 = 48.8 1lbf/ft"2
Dead Load = Snow Load + Insulation + Weight
= 20 + (8)(0/12) + 8.03

= 28.0325 1lbf/ft"2

Dish Radius (Rs) = 10 ft

Il

60.0000 degrees (angle between the Normal to the roof and
a horizontal line at the
roof-to-shell juncture)

30.0000 degrees (angle between the Normal to the roof and
a vertical line at the
roof-to-shell juncture)

Alpha

Theta

Rs = Rl = R2 = 120 in.
Rc = R3 = 0OD/2 = 60 in.

<Weight, Surface Area, and Projected Areas of Roof>

hR = Height of Roof
= R - SQRT[R"2 - (0OD/2)"2]
= 10 - SQRT[10"2 - (10/2)"2]
= 1.331 ft

t ins = Thickness of Roof Insulation
=0 ft
Ap Vert = Vertical Projected Area of Roof
= PI*([R + t ins]~2) (Alpha/360) - OD*([R + t_ins] - hR)/2
= PI*(1072) (59.9499/360) -~ 10*(10 - 1.331)/2
8.9712 ft~2

Horizontal Projected Area of Roof (Per API-650 3.2.1.f)

Xw = Moment Arm of UPLIFT wind force on roof
= 0.5*%0D
= 0.5*10
=5 ft

Ap = Projected Area of roof for wind moment
= PI*R"2
= PI*5"2
= 78.54 ft~2

288*PI*R*hR
288*pI*10*1.331
11,762 in"2

Roof Area

Page 4 of 42
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M I FAB - Y08-125
TANK REPORT: Printed - 11/19/2008 11:41:27 AM

Weight (Density) (t) (Roof Area)
(0.2975) (0.1875) (11,762)
656 1bf (New)

656 1bf (Corroded)

< Uplift on Tank > (based on API-650 F.1.2)

NOTE: This flat bottom tank is assumed supported by the bottom plate.
If tank not supported by a flat bottom, then uplift calculations
will be N.A., and for reference only.

For flat bottom tank with self supported roof,
Net Uplift = Uplift due to design pressure less
Corroded weight of shell and roof plates.

=P * PI / 4 * D" 2 * 144 «

- Corr. shell - Corr. roof weight
=3 * 3,1416 / 4 * 100 * 144 «

- 2,520 - 656
= 30,753 1lbf

< Uplift Case based on API-650 1.1.1 >

P Uplift = 33,929 1lbf

W _Roof Plates (corroded) = 656 1bf

W _Shell (corroded) = 2,520 1lbf

Since P Uplift > W_Roof + W_Shell,

Tank Roof should meet App. F.1.3 and F.7 requirements.
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Page 6 of 42

M I FAB - Y08-125
TANK REPORT: Printed - 11/19/2008 11:41:27 AM

< API-620 >

R3 = 60 in.
At = PI*0OD"2/4*144
= PI*10"2/4*144
= 11,310 in"2 (Cross-Sectional Area of Roof at Shell)

< Internal Pressure - Top-Head Edge >

W = - (weight roof plates) = -656 1bf
W/At = (-656 / 11,310)

= -0.058 PSI
w/at' = -0.0558 PSI

P = 3 PSI or 83.14 IN. H20
<Meridional and Latitudinal Forces>

(At the Edge of Top Head)

T1 Rs/2* (P + W/At)

120/2*(3 + -0.058)

176.52 1bf/in

Rs*[P + W/At*COS(Alpha)] - T1

120*[3 + -0.058*C0S(60.0000)] - 176.52
= 180 1lbf/in

T2

< API-620 >
Minimum thickness (t) requirement:

(Per 5.10.3.2)
T = MAX(T1, T2) = 180 1b./in.

Sts = 22,500 PSI (Allowable Tensile Stress per API-620 Table 5-1)

t-Calc T/(Sts*E) + CA = 180/(22,500%0.7) + 0 = 0.0114 in.
t-Calc = 0.0114 in.
< Internal Pressure - Top-Head Center >

P = 3 PSI or 83.14 IN., H20

(At the Center of Top Head)

T1i' = (Rs/2)*(P + W/At)
= (120/2)*(3 + (-0.0558)) = 176.65 1lbf/in
T2' = Rs*(P + W/At) - T1'
= 120*(3 + (-0.0558)) - 176.65 = 176.65 1lbf/in

< API-620 >
Minimum thickness (t) requirement:

(Per 5.10.3.2)
T = MAX(T1, T2) = 176.7 1b./in.

Sts = 22,500 PSI (Allowable Tensile Stress per API-620 Table 5-1)

t-Calc = T/(Sts*E) + CA = 176.7/(22,500*%0.7) + 0 = 0.0112 in.
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Page 7 of 42
M I FAB - Y08-125
TANK REPORT: Printed - 11/19/2008 11:41:27 AM

t-Calc = 0.0112 in.
Since t.actual > T620,
Back-Calculating Pmax using t.actual as target, and T620 routine...
Entry Condition: P x = 3.001, t-620 = 0.0114
Exit Condition: P_x = 49.23, t-620 = 0.1875
NOTE: Tank Limited to 15 PSI (per API-620)

P max int = 15PSI, or 415.7 IN. H20
(limited by Roof Plate)

P max int = MAX (15, 0) = 15 PSI or 415.7 IN. H20

< External Pressure - Top-Head Edge >

W = -(Lr + Dead Load) * Roof Area
= —(20 + 28.0325) * 81.6806
= -3,923 1bf
W/At = (-3,923 / 11,310)
= -0.3469 PSI
W/At' = -0.3335 PSI

P = PV Entered = -0.2 PSI or -5.54 IN. H20
<Meridional and Latitudinal Forces>

(At the Edge of Top Head)

Tl = Rs/2* (P + W/At)
= 120/2*(-0.2 + -0.3469)
= -32.81 1bf/in
T2 = Rs*[P + W/At*COS(Alpha)] - T1
= 120*[-0.2 + -0.3469*C0S(60.0000)] - -32.81

-12 1bf/in

< API-620 >
Minimum thickness (t) requirement:

Tp = MAX (ABS (T1),ABS(T2))
= 32.8 1lb/in.

Tpp = MIN (ABS(T1),ABS{(T2))
= 12 1b/in.

Rp = R2 = 120 in.

Rpp = Rl = 120 in.

t 18 = SQRT[(Tp + 0.8*Tpp)*Rp]/1342 + CA
= 0.0532 in.
t 19 = SQRT[Tpp*Rpp] /1000 + CA

0.0379 in.

(t_18 - CA)/Rp = 0.0004
(t_19 - CA)/Rpp = 0.0003

t-Calc = MAX(t 18,t 19)

Sca = 1076* (t-CA) /R (Per 5.5.4.3)
= 1,563 PSI (Allowable Compressive Stress)
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M I FAB - Y08-125
TANK REPORT: Printed - 11/19/2008 11:41:27 AM

t-Calc = 0.0532 in.
< External Pressure - Top-Head Center >
P = PV _Entered = -0.2 PSI or -5.54 IN. H20

(At the Center of Top Head)

Tl' = (Rs/2)*(P + W/At)
= (120/2)*(-0.2 + (-0.3335)) = -32.01 1lbf/in
T2' = Rs* (P + W/At) - T1'
= 120*(-0.2 + (-0.3335)) - -32.01 = -32.01 1bf/in

< API-620 >
Minimum thickness (t) requirement:

Tl & T2 Negative and Equal

T = MAX (ABS(T1l), ABS(T2)) = 32 lb./in.
Ratio < .00667

SORT[T*R/1076] + CA
SORT[(32) (120)/10%6] + O
0.062 in.

t-Calc

Congruent t/R ratio results per API-620 5.5.4.3
Sca = 1076* (t-CA)/R (Per 5.5.4.3)
= 1,563 PSI (Allowable Compressive Stress)

t-Calc = 0.062 in.
Since t.actual > T620,

Back-Calculating Pmax using t-Calc as target, and T620 routine...
Entry Condition: V x = -0.2 PSI, t-620 = 0.062

Exit Condition: V x = -4.549, t-620 = 0.1875
P max ext = -4.549 PSI, or -126.07 IN. H20
(due to Roof Plate)
P max ext = -4.549 PSI or -126.07 IN. H20
t-Calc = MAX( 0.0114, 0.062 )

0.062 in.

t.required = 0.062 in.
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M I FAB - Y08-125
TANK REPORT: Printed - 11/19/2008 11:41:27 AM

<ToriSpherical Head Knuckle Calculations>
(Per ASME VIII DIV. 1, Appendix 1 Sect. 4)

Inside Dish Radius = 120 in.,

P-Design = 3 PSI,

Joint Efficiency = 0.7,

t.actual = 0.1875 in.,

Knuckle Radius = 7.2 in.,

S = Material Allowable API-620 Design Stress

O B il v B I
L TR T |

[o}

n

0.25 * (3 + SQRT(L/r))
0.25 * (3 + SQRT(120/7.2))
1.7706 in.

o

t-Calc (P*L*M) / (2*S*E - 0.2*P) + CA
(3*120%*1.7706)/ (2*22,500*0.7 - 0.2*3) + O

0.0202 in.

t.required (Knuckle) = t-Calc (Knuckle) = 0.0202 in.

(2*S*E* (t-ca) )/ (L*M + 0.2*%(t-ca))
(2%22,500%0.7*0.1875)/(120%1.7706 + 0.2*0.1875)
27.7926 PSI (Knuckle)

P max int

MIN (15, P_max int) = 15 PSI (API-620)

P _max_int
< ROOF DESIGN SUMMARY >

t.required = 0.062 in.
t.actual = 0.1875 in.

15 PST or 415.70 IN. H20

P max internal
-4.549 PSI or -126.07 IN. H20

P max external

[
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M I FAB - Y08-125
TANK REPORT: Printed - 11/19/2008 11:41:27 AM

SHELL COURSE DESIGN (Bottom Course is #1)

Course # 1
Material: A-240 Type 304; Width = 5 ft.
Corrosion Allow. = 0 in.
Joint Efficiency = 0.7

< API-620 >

R = R2 = Rc = 60 in.
At = 11,310 in”"2

< Internal Pressure - Full >
W = - (roof plates + shell) = -3,180 1bf
W/At = (-3,180 / 11,310)
= -0.2812 PSI

Px = P + P liquid = 3 + 6.0187 = 9.0187 PSI
<Meridional and Latitudinal Forces>
Tl = Rc/2* (P + W/At)

60/2%(9.0187 + -0.2812)
= 262.13 1lbf/in

T2 = P*RcC
9.0187*60
= 541.12 1bf/in

< API-620 >
Minimum thickness (t) requirement:

(Per 5.10.3.2)
T = MAX(T1, T2) = 541.1 1lb./in.

Sts = 22,500 PSI (Allowable Tensile Stress per API-620 Table 5-1)

T/(Sts*E) + CA = 541.1/(22,500%0.7) + 0 = 0.0344 in.

t-Calc

t-Calc 0.0344 in.

Since t.actual > T620,
Back-Calculating Pmax using t.actual as target, and T620 routine...
Entry Condition: P_x = 9.0197, t-620 = 0.0344
Exit Condition: P x = 49.214, t-620 = 0.1875

NOTE: Tank Limited to 15 PSI (per API-620)

P shell int = 15 PSI (due to Shell Course, without Liquid Head)
< External Pressure - Empty >

Lr shell (Total Roof Live Load weight supported by shell)
Ar * Lr / 144

11,762 * 20 / 144

1,634 LBF

version 9.2.11 - page 18



Page 11 of 42
M I FAB - Y08-125
TANK REPORT: Printed - 11/19/2008 11:41:27 AM

W = - (Roof Plates + Shell + Lr shell + Dead Load)
= - (656 + 2,524 + 1,634 + 1,634)
= -6,448 1bf
W/At = (~-6,448 / 11,310)
= -0.5701 PsSI

PV = -0.2 PSI
<Meridional and Latitudinal Forces>

Tl = Rc/2* (P + W/At)
= 60/2*%(-0.2 + -0.5701)
= -23.1 1bf/in

T2 = P*Rc
-0.2*60
= -12 1bf/in

< API-620 >
Minimum thickness (t) requirement:

Tp = MAX(ABS(T1),ABS(T2))
= 23.1 1b/in.

Tpp = MIN(ABS(T1),ABS(T2))
= 12 1b/in.

Rp = R2 = 60 in.
Rpp = R1 = 60 in.

t 18 = SQRT[(Tp + 0.8+*Tpp)*Rpl/1342 + CA
= 0.033 in.
t 19 = SQRT[Tpp*Rppl /1000 + CA

= 0.0268 in.

(t 18 - CA)/Rp = 0.0006
(t 19 - CA)/Rpp = 0.0004

t-Calc = MAX(t 18,t 19)

Sca = 1076*(t-CA)/R (Per 5.5.4.3)

= 3,125 PSI (Allowable Compressive Stress)
t-Calc = 0.033 in.

Since t.actual > T620,
Back-Calculating Pmax using t-Calc as target, and Té20 routine...

Entry Condition: V_x = -0.,2 PSI, t-620 = 0.033
Exit Condition: V_x = -12.401, t-620 = 0.1875
P shell ext = -12.401 PSI (due to Shell Course)

Course # 2
Material: A-240 Type 304; Width = 5 ft.
Corrosion Allow. = 0 in.
Joint Efficiency 0.7

< API-620 >

R = R2 = Rc = 60 in.
At = 11,310 in"2
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M I FAB - Y08-125
TANK REPORT: Printed - 11/19/2008 11:41:27 AM

< Internal Pressure - Full >

W = - (roof plates + shell) = -1,918 1bf
W/At = (-1,918 / 11,310)

= -0.1696 PSI
Px = P + P _liquid = 3 + 3.0093 = 6.0093 PSI

<Meridional and Latitudinal Forces>

Tl = Rc/2*(P + W/At)
= 60/2*(6.0093 + -0.1696)
= 175.19 1bf/in

T2 = P*Rc
= 6.0093*60

360.56 lbf/in

< API-620 >
Minimum thickness (t) requirement:

(Per 5.10.3.2)
T = MAX(T1l, T2) = 360.6 1lb./in.

Sts = 22,500 PSI (Allowable Tensile Stress per API-620 Table 5-1)

t-Calc T/(Sts*E) + CA = 360.6/(22,500%0.7) + 0 = 0.0229 in.

t-Calc 0.0229 in.

Since t.actual > T620,
Back-Calculating Pmax using t.actual as target, and T620 routine...
Entry Condition: P_x = 6.0103, t-620 = 0.0229
Exit Condition: P x = 49.222, t-620 = 0.1875

NOTE: Tank Limited to 15 PSI (per API-620)

P _shell int = 15 PSI (due to Shell Course, without Liquid Head)
< External Pressure - Empty >

Lr shell (Total Roof Live Load weight supported by shell)
Ar * Lr / 144

11,762 * 20 / 144

1,634 LBF

- (Roof Plates + Shell + Lr_shell + Dead Load)
- (656 + 1,262 + 1,634 + 1,634)

-5,186 1bf

(-5,186 / 11,310)

-0.4585 pst

PV = -0.2 PSI

W/At

<Meridional and Latitudinal Forces>
Tl Rc/2* (P + W/At)
60/2*(-0.2 + —-0.4585)
-19.76 1lbf/in
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M I FAB - Y08-125
TANK REPORT: Printed - 11/19/2008 11:41:27 AM

P*Rc
-0.2*60
-12 1bf/in

T2

< API-620 >
Minimum thickness (t) requirement:

Tp = MAX(ABS(T1l),ABS(T2))
= 19.8 1b/in.

Tpp = MIN(ABS(T1),ABS(T2))
= 12 1b/in.

Rp = R2 = 60 in.

Rpp = R1 = 60 in.

t 18 = SQRT[(Tp + 0.8*Tpp)*Rp]/1342 + CA
= 0.0313 in.
t 19 = SQRT[Tpp*Rpp]/1000 + CA

= 0.0268 in.

(t_18 - CA)/Rp = 0.0005
(t_ 19 - CA)/Rpp = 0.0004

t-Calc = MAX(t 18,t 19)
Sca = 1076* (t-CA)/R (Per 5.5.4.3)
= 3,125 PSI (Allowable Compressive Stress)

t-Calc = 0.0313 in.

Since t.actual > T620,
Back-Calculating Pmax using t-Calc as target, and T620 routine..
Entry Condition: V_x = -0.2 PSI, t-620 = 0.0313
Exit Condition: V_x = -12.43, t-620 = 0.1875

P shell ext = -12.43 PSI (due to Shell Course)
< SHELL COURSE #1 SUMMARY >

t shell min governs. See the STIFFENING RINGS Calculations.
t-Calc = MAX(t-Calc 620, t_shell min)
= MAX(0.0344, 0.0701)

= 0.0701 in.

t.min620 per 5.10.4.1.c
t.min620 per 5.10.4.1.a

0.1875 in.
0.1875 in.

t.required = MAX(t.design,t.min620)
MAX (0.0701,0.1875) = 0.1875 in.
t.actual = 0.1875 in.

Weight Density*PI*[(12*0OD) - t]*12*Width*t
0.2975*PI*[(12*10)-0.1875]*12*5*%0.1875
1,260 1bf (New)

1,260 1lbf (Corroded)
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< SHELL COURSE #2 SUMMARY >
t shell min governs. See the STIFFENING RINGS Calculations.

MAX (t-Calc_ 620, t shell min)
MAX (0.0313, 0.0701)

= 0.0701 in.
t.min620 per 5.10.4.1.c
t.min620 per 5.10.4.1.a

t-Calc

0.1875 in.
0.1875 in.

MAX (t.design,t.min620)
MAX (0.0701,0.1875) = 0.1875 in.

t.required

o

t.actual = 0.1875 in.

Weight = Density*PI*[(12*0OD) - t]*12*Width*t
= 0.2975*PI*[(12*10)-0.1875]1*12*5*%0.,1875
= 1,260 1bf (New)
= 1,260 1bf (Corroded)
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FLAT BOTTOM: NON-ANNULAR PLATE DESIGN

Bottom Plate Material : A-240 Type 304
Annular Bottom Plate Material : A-36

<Weight of Bottom Plate>
Bottom Area = PI/4*(Bottom OD)"2

= PI/4*(122.)"2
11,690 in~2

Density * t.actual * Bottom Area
0.2975 * 0.25 * 11,690

869 1bf (New)

= 869 1lbf (Corroded)

Weight

< API-620 >
t min = 0.25 + CA = 0.25 + 0 = 0.25 in. (per Section 5.9.4.2)
t-Calc = t min = 0.25 in.

< Vacuum Calculations > (per ASME Section VIII Div. 1)

Weight of Corr. Bottom Plate Resisting External Vacuum

P btm = 0.2975 * 0.25
= 0.0744 PSI or 2.06 IN. H20
P ext = PV + P btm = -0.2 + 0.0744 = -0.1256 PSI or -3.48 IN. H20
= -0.1256 PSI
td ext = (t-Calc - CA) (1st course)
= (0.0701 - 0)
= 0.0701 in.
ts = (t.actual - CA) (1st course)
= (0.1875 - 0)
= 0.1875 in.
C = 0.33 * td ext / ts

0
= 0.33 * 0.0701 / 0.1875
0.1234

since C < 0.2, set C = 0.2

T
<
o)
Q
I

OD*SQRT (C*P_ext/SE) + CA
(120) *SQRT[ (0.2) (-0.1256)/(22,500) (0.7)] + O
= 0.1515 in.

t-Calc = MAX(t-Calc, t-Vac)
MAX(0.25,0.1515)
0.25 in.

P max external (Vacuum limited by bottom plate thickness)
= -([(t - CA)/OD]"2*(S*E/C) + P _btm)

-([(0.25 - 0)/120]72*(22,500%0.7/0.2) + 0.0744)

-0.4162 PSI or -11.53 IN. H20
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< FLAT BOTTOM: NON-ANNULAR SUMMARY >
Bottom Plate Material : A-240 Type 304

t.required = 0.25 in.
t.actual = 0.25 in.
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STIFFENING RINGS (API-650)

vs = Wind Velocity = 0 mph
vf = Velocity Factor = (vs/100)72 = (0/100)"2 = 0
Design PV = 0.2 PSI, OR 5.54 In. H20

(REF: 'Structural Analysis and Design of Process Equipment'
2nd Edition, Jawad)
(Combining effects of internal vacuum with vf)

Effective Velocity Factor
(25.6 * vf + 144 * SF * PV) / 25.6

= (25.6 * 0 + 144 * 2 * 0.2) / 25.6
2.25

ve

<TOP COMPRESSION RING CALCULATIONS>

7 Required Top Comp Ring Section Modulus (per API-650 3.1.5.9.e)

0 in”~3, Top Comp. Ring is not required for Self-Supported Roofs
if the requirements of either Section 3.10.5
or 3.10.6 are met.

<INTERMEDIATE WIND GIRDER CALCULATIONS (PER API-620 Section 5.10.6)

ME = 28,000,000/28,000,000
=1

Hu = Maximum Height of Unstiffened Shell
{ME*600, 000*t*SQRT[t/OD]~3} / Ve)
{1*600,000*0,1875*SQRT[0.1875/101"°3} / 2.25
128.37 ft

1l

Wtr = Transposed Width of each Shell Course
Width*[ t_top_course / t_course 172.5

Transforming Courses (1) to (2)

Wtr(l) = 5*[ 0.1875/0.1875 ]"72.5 = 5 ft
Wtr(2) = 5*{ 0.1875/0.1875 ]72.5 = 5 ft
(

Htr Height of the Transformed Shell)
SUM{Wtr} = 10 ft
L0 = Unstiffened Shell Length

10/1 = 10 ft
No Intermediate Wind Girders Needed Since Hu >= L 0

Ve Max = {ME*600,000*t*SQRT[t/OD]"3} / LO
= {1*600,000%0.1875*SQRT[0.1875/10]"3} / 10
= 28.8838
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P ext shell 1 (EXTERNAL PRESSURE CHECK per Jawad,
based on Ve Max, LO, and t_top_ course)
= 25.6 * (vf - Ve Max) / (144 * SF))

25.6 * (0 - 28.8838) / (144 * 2))

-2.5674 PSI or -71.15 IN. H20

t_shell min_ 1 (Shell Minimum t per Jawad,
based on LO, and Ve),
{(LO*Ve*SQRT[OD]"*3) / (ME*600,000)} ~ 0.4 (CA Incl. Later)
{(10*2.25*SQRT[10]"3) / (1*600,000)} ~ 0.4
0.0675 in.

NOTE: Per User Design,
Wind Girder Calculations per Jawad N.A.

Design Length (LO) = 10 ft or 120 in.
Design Diameter (DO) = 10 ft or 120 in.

M = max(M seismic, M wind) = 17,039 ft-1lbf

thickness required for M
M/ (R*"2*PI1*S*E)
0.0008 in.

tq

tnp (Top Course thickness available to resist external pressure)
t _top course - tg
= 0.1875 - 0.0008

0.1867 in.

Since DO/t <= 1000, Will also Perform ASME Vacuum Calculations.
CHECK FOR EXTERNAL PRESSURE: (per ASME Section VIII, UG-28)

L0/D0O = 1
DO/ (t_top course - ca_top_course) = 640

B = 1,157 <from FIG HA-1 >
A = 0.0000824 <from FIG UGO 28.0> (ref. only)

t shell min 2 = 3PD/(4B) + tg (CA Included later)
= (3%*0.2%120.00)/(4*1,157) + 0.0008
= 0.0164 in.

P ext shell 2 (Per ASME VIIT)
= —4*tnp*B/ (3*DAQ)
= —4*-2,4001*1,157/(3*¥120.00)
= -2.4001 PSI or -66.52 IN. H20
(Due to Top Shell Course)

t shell min 3 ( Back Calculate Using Course Actual values ),
= DO / [(0.866*E)/(PV*(L0/D0))]"(2/5) + ca top course
120/[(0.866*28,000,000)/(0.2*(1))]1"(2/5)

= 0.0701 in. (CA Incl. Later)
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P _ext shell = P_ext shell 2
= -2.4001 PSI

= -2.4001 PSI or -66.52 IN. H20
Since PV >= P _ext shell, ©No Stiffeners Required.
<INTERMEDIATE GIRDER CALCULATION SHELL THICKNESS SUMMARY>
NOTE: Course t.exernal values below exclude Corrosion Allowance.
MAX (t shell min 1 to _3)

MAX(0.0164,0.0675,0.0701)
0.0701 in.

t.external.l

t.external.2 = MAX(t_shell min _1 to _3)
MAX (0.0164,0.0675,0.0701)

= 0.0701 in.

<BOTTOM COMPRESSION RING CALCULATIONS>

Bottom Compression Ring: N.A.
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WIND MOMENT (Using API-650 SECTION 3.11)

vs = Wind Velocity = 0 mph
vf = Velocity Factor = (vs/100)"2 = (0/100)72 = 0
hR = Height of Roof
= R - SQRT[R"2 - (0OD/2)"2]
= 10 - SQRT[10"2 - (10/2)"2]
= 1.331 ft
t _ins = Thickness of Roof Insulation
=0 ft
Ap Vert = Vertical Projected Area of Roof
= PI*([R + t_ins]”2) (Alpha/360) - OD*([R + t_ins] - hR) /2
= PI*(1072)(59.9499/360) - 10*(10 - 1.331)/2
= 8.9712 ft"2

Horizontal Projected Area of Roof (Per API-650 3.2.1.f)

Xw = Moment Arm of UPLIFT wind force on roof
= 0.5*0D
= 0.5*10
=5 ft

Ap = Projected Area of roof for wind moment
= PI*R"2
= PI*5"2
= 78.54 ft~2

Mw = Wind Moment = 0 ft-1bf

W = Net weight (PER API-650 3.11.3)
(Force due to corroded weight of shell and
shell-supported roof plates less
40% of F.1.2 Uplift force.)

W shell + W roof - 0.4*P*(PI/4) (144) (OD"2)
2,520 + 656 - 3*(PI/4) (144) (10"2)
-10,396 1bf

Il

NOTE: There is net uplift on the tank.
RESISTANCE TO OVERTURNING (per API-650 3.11.2)

An unanchored Tank must meet these two criteria:
1) 0.6*Mw + MPi < MDL/1.5
2) Mw + 0.4MPi < (MDL + MF)/2

Mw = Destabilizing Wind Moment = 0 ft-1bf

MPi = Destabilizing Moment about the Shell-to-Bottom Joint from Design «
Pressure.
= P*(PI*OD"2/4)*(144)*(0OD/2)
= 3%(3,1416*1072/4)*(144)*(5)
= 169,646 ft-1bf

MDL = Stabilizing Moment about the Shell-to-Bottom Joint from the Shell and «
Roof weight supported by the Shell.
= (W_shell + W_roof)*0OD/2
= (2,520 + 656)*5
= 15,880 ft-1bf
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ta = Bottom Plate thickness = 0.25 in.

wa = Circumferential loading of contents along Shell-To-Bottom Joint.
4.67*ta*SQRT (Sy btm*H_liq)

4,67*0.25*SQRT(30,000*10)

= 639.4661 1bf/ft

MF = Stabilizing Moment due to Bottom Plate and Liquid Weight.
= (OD/2) *wa*PI*OD
= (5)(639.4661) (3.1416) (10)
= 30,134 ft-1bf

Criteria 1
0.6*(0) + 169,646 < 15,880/1.5
Since 169,646 >= 10,587, Tank must be anchored.

Criteria 2
0 + 0.4 * 169,646 < (15,880 + 30,134)/2
Since 67,858 >= 23,007, Tank must be anchored.

RESISTANCE TO SLIDING (per API-650 3.11.4)

VE* (15 * Ap Vert + 18 * As)
0* (15 * 8.9712 + 18 * 100)
0 1bf

F wind

I

F friction Maximum of 40% of Weight of Tank
= 0.4 * (W Roof Corroded + W_Shell Corroded +
W Btm Corroded + W _min_Liquid)
= 0.4 * (656 + 2,520 + 869 + 0)
1,618 1bf

No anchorage needed to resist sliding since
F friction > F wind
(Due to Uplift)
ANCHORED TANKS (per API-650 3.11.3)

btwind = Anchor Tension Required to Resist Wind Moment

= 4*Mw/ (D*N) - W/N
= 4%*0/(10.3333*8) - (-10,396)/8
= 1,300 1bf
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SEISMIC MOMENT (API-650 APPENDIX E & API-620 APPENDIX L)

Ms (Seismic Moment)
Ms = Z*I*(Cl*Ws*Xs + Cl*Wr*Ht + C1*W1*X1 + C2*W2*X2)

Z = 0.075 Zone coefficient for zone 1 (from Table E-2)
I =1 Importance Factor
s =1.5 Site amplification factor (from Table E-3)

Cl = 0.6 = Lateral earthquake force coefficient
k = 0.59 (factor for D/H = 1 from figure E-4)

T = Natural Period of First Sloshing Mode
= k*SQRT(OD) = 0.59*SQRT(10) = 1.866

C2 = Lateral Earthquake Force Coefficient
0.75(S)/T = .75(1.5)/(1.866) = 0.6029

I

From Figures E-2 & E-3
X1 H = X1/H chart factor
X2 H = X2/H chart factor
Wl Wt = W1/Wt chart factor
W2 Wt = W2/Wt chart factor

Wt = Weight of tank contents @ Max. Liquid Level
X1 = (X1 H)*H = (0.4044)*10 = 4.0444
X2 =

(X1_

(X2 H)*H = (0.724)*10 = 7.2405

Wl = (Wl Wt)*Wt = (0.8132)%67,665 = 55,024
(

W2 = (W2 _Wt)*Wt = (0.245)*67,665 = 16,578

Ws = W _shell + W_Insulation (New Condition)
= 2,520 + 0 = 2,520

Wr = W_roof + Snow Load + W_Insulation (New Condition)
= 656 + 1,634 + 0 = 2,290

Cl*Ws*Xs = 0.6*(2,520)(5) = 7,560

Cl*Wr*Ht = 0.6%(2,290) (10) = 13,740

C1*W1*X1l = 0.6*(55,024) (4.0444) = 133,523

C2*W2*X2 = (0.6029) (16,578) (7.2405) = 72,369

Ms = Z*I* (Cl*Ws*Xs + CL*Wr*Ht + CL*W1*X1l + C2*W2*X2)

Il

(0.075) (1) (7,560 + 13,740 + 133,523 + 72,369)
17,039 ft-1bf

Il

W shell = Weight of Shell (New Condition)

W:roof2 = Weight of Roof Plates Supported By Shell (New)
wt = (W _shell + W_roof2)/(PI*OD) (New Condition)

= (2,520 + 656)/(PI*10)

= 101. 1lbf/ft

RESISTANCE TO OVERTURNING (per Section E.4.1, E.4.2,
assuming no anchors)

wl 7.9% (tbl) *SQRT (Sy*G*H)
7.9%(0.25)*SQRT(36,000*1.39*10)

1,397 1lbf/ft

li

where tbl =t - CA = 0.25 in. (for Bottom Plate)
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1.25*G*H*OD = 1.25(1.39) (10) (10)

= 174 1bf/ft
since wl > 1.25*%G*H*0OD, wl = 1.25G*H*0OD
wl = 174 1bf/ft

UNANCHORED TANKS (Section E.5.1)

Ms/[OD"2 (wt+wl)] = 17,039/((1072) (101. + 174)] = 0.6194

b wt + 1.273(Ms)/0OD"2 =

101. + 1.273(17,039)/(10)"2 =

max longitudinal compressive force
318 1bf/ft

MAXIMUM ALLOWABLE SHELL COMPRESSION (Section E.5.3)

b/ (12t) = Max Longitudinal Compressive Stress
= 318/(12*(0.1875 - 0)) = 141 PSI
G*H*OD"2/t"2 = (1.39)(10)(1072)/(0.1875 - 0)"2 = 39,538
Fa = 1076*t/(2.5*0D) + 600*SQRT(G*H)
= (1076)(0.1875 - 0)/(2.5*%10) + (600)SQRT((1.39) (10)]
= 9,737 PSI
t = 0.1875 - 0 = 0.1875 in. (OK since b/ (12t) <= Fa)

ANCHORED TANKS (Section E.5.2)

Max Longitudinal Compressive Force
318 1lbf/ft

b wt + 1.273(Ms)/0OD"2 =

101. + 1.273(17,039)/(10)"2 =

MAXIMUM ALLOWABLE SHELL COMPRESSION (Section E.5.3)

b/ (12t) = Max Longitudinal Compressive Stress
= 318/(12*(0.1875 -~ 0)) = 141 PSI
G*H*OD"2/t”2 = (1.39)(10)(1072)/(0.1875 - 0)"2 = 39,538
Fa = 1076*t/(2.5*0OD) + 600*SQRT (G*H)
= (1076) (0.1875 — 0)/(2.5*10) + (600)SQRT[(1.39) (10)]
= 9,737 PSI
t = 0.1875 - 0 = 0.1875 in. (OK since b/ (12t) <= Fa)

ANCHORAGE OF TANKS (Section E.6.1)

Number of Anchors
Diameter of Anchor Circle

N =8
D = 10.3333 ft

Net Uplift = Net uplift due to internal pressure

MAR = minimum anchorage resistance due to seismic moment
= 1.273(Ms)/0OD"2 + Net Uplift/Circumference
= 1.273(17,039)/1072 + 30,753/ (PI*10)
= 1,196 1lbf/ft circumference

btseis anchor tension req'd to resist seismic moment

MAR*D*PI/ (N)
(1,196) (10.3333) (PI)/(8) = 4,853 1bf
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<ANCHORAGE REQUIREMENTS>

Minimum # Anchor Bolts = 4
NOTE: API-620 has no minimum spacing requirement, but
per API-650 3.12.3, maximum spacing is 10' if anchorage required.

Actual # Anchor Bolts = 8
Anchorage Meets Spacing Requirements.
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ANCHOR BOLT DESIGN

Bolt Material : A-193 Gr B7
Sy = 105,000 PSI

< Uplift Load Cases, per API-650 Table 3-21b >

D (tank OD) = 10 ft

P (design pressure) = 83.14 INCHES H20

Pt (test pressure) = 1.25 * P = 103.93 INCHES H20

Pf (failure pressure per F.6) = N.A. (see Uplift Case 3 below)
t h (roof plate thickness) = 0.1875 in.

Mw (Wind Moment) = 0 ft-1bf

Ms (Seismic Moment) = 17,039 ft-1bf

W1l (Dead Load of Shell minus C.A. and Any
Dead Load minus C.A. other than Roof
Plate Acting on Shell)

W2 (Dead Load of Shell minus C.A. and Any
Dead Load minus C.A. including Roof
Plate minus C.A. Acting on Shell)

W3 (Dead Load of New Shell and Any
Dead Load other than Roof
Plate Acting on Shell)

For Tank with Self Supported Roof,
Wl = Corroded Shell + Shell Insulation
= 2,520 + 0
= 2,520 1bf
W2 = Corroded Shell + Shell Insulation + Corroded
Roof Plates + Roof Dead Load
= 2,520 + 0
+ 656 + 11,762 * 8.0325/144
= 3,832 1lbf
W3 = New Shell + Shell Insulation
2,520 + 0
2,520 1bf

I

I

Uplift Case 1: Design Pressure Only
U= [(P - 8* h) * D*2 * 4.08] - Wl
U= [(83.14 - 8%0.1875) * 1072 * 4.08] - 2,520
= 30,789 1bf
bt = U / N = 3,849 1bf

Sd = 15,000 pSI

A s r = Bolt Root Area Req'd

A s r = bt/sd

3,849/15,000 = 0.257 in"2

Uplift Case 2: Test Pressure Only
U= [(Pt - 8*t_h) * D"2 * 4.08] - Wl
U= [(103.93 - 8*%0.1875) * 10”2 * 4.08] - 2,520
= 39,271 1bf
bt =U / N = 4,909 1bf
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Sd = 20,000 PSI
A s r = Bolt Root Area Req'd
A s r = bt/sd
4,909/20,000 = 0.245 in"2

I

Uplift Case 3: Failure Pressure Only
Not applicable since if there is a knuckle on tank roof,
or tank roof is not frangible.

Pf (failure pressure per F.6) = N.A.
Uplift Case 4: Wind Load Only
U= 1[4 *Mw / D] - W2
U=1[4*0/ 10] - 3,832
= -3,832 1bf

bt = U / N = -479 1bf

Sd = 0.8 * 105,000 = 84,000 PSI
A s r = Bolt Root Area Req'd
A s r = N.A., since Load per Bolt is zero.
Uplift Case 5: Seismic Load Only
U= [4 *Ms / D] - W2
U= 1[4 * 17,039 / 10] - 3,832
= 2,984 1bf

bt = U / N = 373 1bf

d =0.8* 105,000 = 84,000 PSI
Bolt Root Area Reqg'd
bt/sd

373/84,000 = 0.004 in~2

S
A sr
A sr

Uplift Case 6: Design Pressure + Wind Load
U= [(P - 8*t h) * D*2 * 4.08] + [4 * Mw / D] - Wl
U = [(83.14-8%0.,1875)*10"2 * 4.08]+[4*0 / 10] - 2,520
= 30,789 1bf
bt = U / N = 3,849 1bf

d = 20,000 = 20,000 PSI

= Bolt Root Area Reqg'd

= bt/Sd

3,849/20,000 = 0.192 in"2

S
A s r
A sr

Uplift Case 7: Design Pressure + Seismic Load
U= [(P - 8%t _h) » D2 * 4,08] + [4 * Ms / D] - Wl
U = [(83.14-8*%0.1875)*10~2 * 4,08]+{4*17,039/10]-2,520
= 37,605 1lbf
bt = U/ N = 4,701 1bf

8d = 0.8 * 105,000 = 84,000 PSI
A s r = Bolt Root Area Req'd

A s r = bt/sd

4,701/84,000 = 0.056 in"2
< ANCHOR BOLT SUMMARY >

Bolt Root Area Req'd = 0.257 in”"2

Exclusive of Corrosion,
Nominal Bolt Diameter Req'd = 0.75 in. (per ANSI Bl.1)
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Actual Bolt Diameter = 1.000 in.

Bolt Diameter Meets Requirements.
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ANCHOR CHAIR DESIGN
(from AIST

Entered Parameters

Chair Material:
Top Plate Type:
Chair Style:

Top Plate Width
: Top Plate Length
: Verical Plate Width

~ O o

: Top Plate Thickness

: Bolt Nominal Diameter
Bolt Eccentricity
Outside of Top Plate to Hole Edge
Distance Between Vertical Plates
Chair Height
Vertical Plate Thickness

“oSQ o Q0

Bottom Plate Thickness
1st Shell Course Thickness

B

r : Nominal Shell Radius to Tank Centerl

'Steel Plate Engr Data' Dec. 92, Vol.

1, Part VII)

A-240 Type 304

I

Y

DISCRETE
ERT. TAPERED

4.000 in.
4.000 in.
2.500 in.

.750 in.
.000 in.
.000 in.
.625 in.
.000 in.
12.000 in.
0.500 in.

NONRFEO

0.2500 in.
0.1875 in.

59.813 in.

Bolt Load due to Seismic (U Case 7): 4,701 LBF
Bolt Load due to Wind (U Case 6): 3,849 LBF
Bolt Load due to Uplift (U Case 1) : 4,909 LBF

Design Load per Bolt: P = 4.91 KIPS

d = Bolt Diameter = 1 in.

n = Threads per unit length = 8 TPI

A s = Computed Bolt Root Area
0.7854 * (d - 1.3 / n)"2

0.7854 * (1 - 1.3 / 8)"2

0.551 in~2

A*Sy/1000 (KIPS)
0.551%105,000/1000
- 57.855 KIPS

Bolt Yield Load

Sts = 22,500 PSI (Allowable Tensile Stress per API-620 Table 5-1)

Per API-650 Table 3-21b, Sd = 15 KSI

Since t <= 3/8 in. and Seismic Zone is a Factor,

h min is 12 in.
For Discrete Top Plate,
Max. Chair Height Recommended : h <=
h max = 3 * 4 = 12 in,

e min = 0.886 * d + 0.572 = 1.458 in.

gmin =d + 1 = 2 in.

d/2 + 0.125 = 0.625 in.

f min

3

*

a
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¢ min = SQRT[P / Sd / £ * (0.375 * g - 0.22 * d)]
= 0.527 in.

j min = MAX(0.5, [0.04 * (h - c)])
= MAX (0.5, [0.04 * (12.000 - 0.750)1)
= 0.5 in.

Checking Requirement: (j*k) Must Be >= (P/25)
e min + d + 1/4
1.458 + 1 + 1/4

2.708 in.

b min =

<Stress due to Top Plate Thickness>

Sd_TopPlate P/ £/ c*2 * (0.375 * g - 0.22
4.,91/0.625/0.75"2 *
7.4 KSI

Chair Material Yield Stress = 30000 PSI

<Stress due to Chair Height> (For Discrete Top
Sd_ChairHeight = P * e / t*2 * F3

* d)

(0.375 * 2 - 0.22 * 1)

Plate)

where F3 = F1 + F2,
now F1 = (1.32 * z) / (F6 + F7)
where F6 = (1.43 * a * h~2) / (r * t)
and F7 = (4 * a * h*2)"(1/3)
and z =1 / (F4 * F5 + 1)
where F4 = (0.177 * a * m) / SQRT(r * t)
and F5 = (m / t)"2
yields F5 = (0.25 / 0.1875)"2
= 1.7778
yields F4 = (0.177 * 4. * 0.25) / SQRT(59.8125 * 0.1875)
= 0.0529
yields z = 1 / (0.0529 * 1.7778 + 1)
= 0.9141
yields F7 = (4 * 4., * 12.72)7(1/3)
= 13.2077
yields F6 = (1.43 * 4, * 12.72) / (59.8125 * 0.1875)
= 0.0139
yields F1 = (1.32 * z) / (0.0139 + 13.2077)
= 0.0139
now F2 = 0.031 / SQRT(r * t)
yields F2 = 0.031 / SQRT(59.8125 * 0.1875)
= 0.0093
yields F3 = 0.0139 + 0.0093)
= 0.0232
yields Sd ChairHeight = 4.909 * 2. / 0.1875%2 * 0.0232
= 6.4739 KSI

Sts = 22,500 PSI

For Shell Course material: A-240 Type 304,
using Design Stress = 22.5 ksi

(Allowable Tensile Stress per API-620 Table 5-1)
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< ANCHOR CHAIR SUMMARY >

Sd TopPlate Meets Design Calculations
(within 105% of Sd)

Sd_ChairHeight Meets Design Calculations
(within 105% of Sd)

version 9.2.11 - page 38



M I FAB - Y08-125
TANK REPORT: Printed - 11/19/2008 11:41:28 AM

Page 31 of 42

TABLE 1A: NOZZLES & MANWAYS

NAME TYPE SIZE FLANGE SCH. ELEV. ORIEN REPAD REPAD REPAD REPAD

FACING ON t Do W CA

SHELL or L
(in) (ft) (Deg. (in) (in) (in) (in)
A &L RFNZ 6 RF'SO STD N.A 0 = — - o
C RFMW 30 RFSO STD N.A 0 = = - -
H SHNZ 30 RESO STD 2 0 = = s e

NAME MATERIAL El Ex 'n can Lip Lep twl tw2

(in) (in) (in) (in) (in) (in)
A & L N.A. - - - - - - - -
¢) A-240 Type 304 0.7 1 0.187 0 0 6 0.187 0
H A-312 UNS 83125 0.7 1 0.187 0 0 6 0.187 0

Roof Sts = 22,500 PSI (Allowable Tensile Stress per API-620 Table 5-1)
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< Nozzle A & L Reinforcement Requirements >
(Per API-650 Section 3.8.5.1 and other references below)

NOZZLE Description : 6in. STD RFSO

MOUNTED ON ROOF; Elevation = 0 ft.

ROOF PARAMETERS:
(Per User Setting, t-Basis = API 650 default 1/4 in.)

t ¢ =0.1875 in.
t Basis = 0.25 in.

(FOR ROOF NOZZLE,
REF. API-650 FIG 3-16, TABLE 3-14 AND FOOTNOTE A OF TABLE 3-14,

or API-650 FIG 3-17, TABLE 3-15 AND FOOTNOTE A OF TABLE 3-15)

Since Roof Nozzle size <= 6 NPS,
t rpr = 0 in.

No Repad Reqguired per FOOTNOTE A, Table 3-14
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< Manway C Reinforcement Requirements (per API-620 Section 5.16) >

Manway Sts = 22,500 PSI

Roof Sts = 22,500 PSI

0.2 PSI >

< EXTERNAL PRESSURE (Design Mode) =

Material : A-240 Type 304

ID n (Manway ID) 29.25 in.

ca n (Corrosion Allowance for Manway Neck) 0 in.

ID2 n (Corroded Manway ID) = ID n + 2 * ca n 29.25 in.
t n (Nominal Manway Neck thickness) 0.1875 in.

E (Tank Joint Efficiency) 0.7

El (Manway Neck Joint Efficiency) 0.7

Ex (Area Joint Efficiency on which Manway is Mounted) : 1

twl (Fillet Weld at Manway Neck OD) 0.1875 in.

t rp (Manway Repad Nominal Thickness) 0 in.

ca_rp (Manway Repad Corrosion Allow.) 0 in.

D rp (Manway Repad Do or L) 0 in.

tw2 = tw2c = 0 in.

L ip (Internal Projected Length of Manway Neck) : 0 in.

L ep (External Projected Length of Manway Neck) : 6 in.

H n (Nominal Manway Elevation on Shell) 0 ft.

P n (Max. Internal Pressure on Manway, Including Static Liquid Head),
= P = 3 PSI

FOR COMPONENT ON WHICH MANWAY IS MOUNTED:

t ¢ (Actual Thickness) 0.1875 in.

t_cr (Required Thickness, Inclusive of Corrosion) 0.062 in.
ca c (Corrosion Allowance) 0 in.

S_cd (Allowable Design Stress) 22,500 PSI

f n (Manway Stress Reduction Factor),

= MIN[(Sts/S _cd), 1]
= MIN[ (22,500 / 22,500), 1]

=1
L ip2 = MIN[L ip, 2.5*(t ¢ - ca_c), 2.5*(t_ n - can - ca_c)]
= MIN[O, 2.5*(0.1875 - 0), 2.5*(0.1875 - 0 - 0)]
= 0 in.
t nr (Required Manway Thickness, per ASME Section VIII, UG-28)
LO/DO = L ep/(ID n + 2*t n) = 0.2025
DO/(t n - ca n) = 158
B = 12,817 <from FIG HA-1 >
A = 0.004 <from FIG UG0O-28.0> (ref. only)
t nr = 3PD/{(4B) + CA
= (3*0.2*%29.63)/(4*12,817) + O
---> = 0.0003 in.

(Allowable Tensile Stress per API-620 Table 5-1)

(Allowable Tensile Stress per API-620 Table 5-1)
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Manway Areas Providing Reinforcement:
Al ¢

A2

A3

A4

A5

A_

Actua

A_.

n

a

1

r

(

R

(R

(Available Component wall on which Manway is mounted),

=IDn * (t c -t cr) - 2%t n*(t ¢ - t cr)*(1-f n)

29.25 * (0.1875 - 0.062) - 2 * 0.1875 * (0.1875 - 0.062)*(1-1)
= 3.6709 in"2.

(Available Manway neck thickness),

=5 * MAX[(t n - t nr) 0] * MIN[(t_ n - ca n), (t B
=5 * MAX[(0.1875-0.0003),0]*MIN[(0.1875-0), (0. 75—0)] * 1
0.1755 in"2.

(Available Internal Projection of Manway neck),

=2 * (tn-can-cac) *Lip2 * fn

=2 * (0.1875 - 0 - 0) * Q0 * 1

= 0 in"2.

(Available Inner and Outer fillet welds),

= twl "2 + tw2c "2

(0.1875)"2 + (0) "2

= 0.0352 in"2.

0 in”2 (No Reinforcement Area due to Repad)

- cac)] *fn

I

Actual Reinforcement Area)
=A lc + A2 n + A3 n + A4 n + A5 n
3.6709 + 0.1755 + 0 + 0.0352 + O

= 3.882 in"2.
einforcement Area for Manway C : A a = 3.882 in~2.
equired Reinforcement Area)
0.5 * (t. cr —cac) * [(IDn + 2 * can) + 2 * (t.n-can)*(l-f n)]
0.5%(0.062-0)*[(29.25 + 2*0) + 2*(0.1875-0)*(1-1)]
0.907 in~"2.

Under External Pressure:
Required Reinforcement Area for Manway C : A r = 0.907 in"2.

Since A1 ¢ + A2 n + A3 n + A4 n >= A r,

A5 n Calc = 0 in”2 (Repad Reinforcement Area Not Required)

L_

nn

(Length of Manway Neck Contributing to Reinforcement: REFERENCE ONLY),

2.5 * MIN[(t n - ca n),(t c - cac)] + (t_ rp - ca_rp)
= 2.5 * MIN[(0.1875 - 0), (0.1875 - 0)] + (0)
= 0.4688 in.
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< INTERNAL PRESSURE (Design Mode) = 3 PSI >

Material : A-240 Type 304

ID n (Manway ID) : 29.25 in.

ca n (Corrosion Allowance for Manway Neck) : 0 in.

ID2 n (Corroded Manway ID) = ID n + 2 * ca n : 29.25 in.
t n (Nominal Manway Neck thickness) : 0.1875 in.

E (Tank Joint Efficiency) : 0.7

El (Manway Neck Joint Efficiency) : 0.7

Ex (Area Joint Efficiency on which Manway is Mounted) : 1
twl (Fillet Weld at Manway Neck OD) : 0.1875 in.

t rp (Manway Repad Nominal Thickness) : 0 in.

ca rp (Manway Repad Corrosion Allow.) : 0 in.

D rp (Manway Repad Do or L) : O in.

tw2 = tw2c = 0 in.

L ip (Internal Projected Length of Manway Neck) : 0 in.
L ep (External Projected Length of Manway Neck) : 6 in.

H n (Nominal Manway Elevation on Shell) : 0 ft.

P n (Max. Internal Pressure on Manway, Including Static Liquid Head),
= P = 3 PSI

FOR COMPONENT ON WHICH MANWAY IS MOUNTED:

t ¢ (Actual Thickness) : 0.1875 in.

t cr (Required Thickness, Inclusive of Corrosion) : 0.0202 in.
ca ¢ (Corrosion Allowance) : 0 in.

S cd (Allowable Design Stress) : 22,500 PSI

f n (Manway Stress Reduction Factor),
= MIN[(Sts/S _cd), 1]
= MIN[ (22,500 / 22,500), 1]
=1

MIN[L ip, 2.5*(t_c - ca_c), 2.5*(t_.n - ca n - ca_c)]
MIN[O, 2.5*(0.1875 - 0), 2.5*(0.1875 - 0 - 0)]
0 in.

L ip2

t nr (Required Manway Thickness)
= [Pn* (0.5 * IDn + CAn)]/(Sa * E1) + CA_n
= [3 * (0.5 * 29.25 + 0)1/(22,500 * 0.7) + O
---> = 0.0028 in.
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Manway Areas Providing Reinforcement:
Al c (Available Component wall cn which Manway is mounted),

=IDn * (t. c -t cr) - 2%t n*(t_ ¢c - t_cr)*(l-f n)
= 29.25 * (0.1875 - 0.0202) - 2 * 0.1875 * (0.1875 - 0.0202)*(1-1)
4.8935 in"2.

A2 n (Available Manway neck thickness),

=5 * MAX[(t n - t nr),0) * MIN[(t n - ca n), (t_

=5 * MAX[(0.1875-0.0028),0)*MIN[(0.1875-0), (0.1875-0)] * 1

= 0.,1732 in"2.
A3 n (Available Internal Projection of Manway neck),
=2 * (tn-can-cac) *Lip2 * £ n

=2 * (0.1875 -0 -0) *0 * 1

= 0 in"2.
A4 n (Available Inner and Outer fillet welds),
twl "2 + tw2c "2
(0.1875)"2 + (0) "2
0.0352 in"2.
A5 n = 0 in”2 (No Reinforcement Area due to Repad)

c -cac)] *fn

A a (Actual Reinforcement Area)

=A lc+A2 n+ A3 n+ Ad n+ A5 n
4,8935 + 0.1732 + 0 + 0.0352 + O
= 5.102 in"2.

Actual Reinforcement Area for Manway C : A a = 5.102 in"2.

A r (Required Reinforcement Area)
= (t cr —~cac) *E/ Ex * [(IDn+ 2 * ca_n) + 2*(t_ n - ca_n)*(1-f n)]
(0.0202 - 0) * 0.7 / 1 * [(29.25 + 2*0)
+ 2 * (0.1875 - 0) * (1 - 1)]
0.414 in"2.

I

Under Internal Pressure:
Required Reinforcement Area for Manway C : A r = 0.414 in"2.

Since A1 ¢ + A2 n + A3 n + A4 n > A r,

A5 n Calc = 0 in”"2 (Repad Reinforcement Area Not Required)

ngth of Manway Neck Contributing to Reinforcement: REFERENCE ONLY),
.5 * MIN((t n - can),{(t c -cac)] + (t_ rp - ca_rp)

e
2 —_— . —_—
= 2.5 * MIN[(0.1875 - 0),(0.1875 = 0)] + (0)
0.4688 in.

L nn (L
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< Nozzle H Reinforcement Requirements (per API-620 Section 5.16) >

Nozzle Sts = 28,200 PSI (Allow. Tensile Stress no API-620 Reference)
NOTE : The API-620 Table 5-1 Value was not found.

Shell Sts = 22,500 PSI (Allowable Tensile Stress per API-620 Table 5-1)
< EXTERNAL PRESSURE (Design Mode) = 0.2 PSI >

Material : A-312 UNS S$31254 WLD PIPE
ID n (Nozzle ID) : 29.25 in.

ca n (Corrosion Allowance for Nozzle Neck) : 0 in.

ID2 n (Corroded Nozzle ID) = ID n + 2 * ca n : 29.25 in.
t n (Nominal Nozzle Neck thickness) : 0.1875 in.

E (Tank Joint Efficiency) : 0.7

E1 (Nozzle Neck Joint Efficiency) : 0.7

Ex (Area Joint Efficiency on which Nozzle is Mounted) : 1
twl (Fillet Weld at Nozzle Neck OD) : 0.1875 in.

t_rp (Nozzle Repad Nominal Thickness) : 0 in.

ca rp (Nozzle Repad Corrosion Allow.) : 0 in.

D rp (Nozzle Repad Do or L) : O in,

tw2 = tw2c = 0 in.

L ip (Internal Projected Length of Nozzle Neck) : 0 in.
L ep (External Projected Length of Nozzle Neck) : 6 in.
H n (Nominal Nozzle Elevation on Shell) : 2 ft.

P n (Max. Internal Pressure on Nozzle, Including Static Liquid Head),
=P+ G * 0.433 * (Lig. Level -~ Hn + 0.5 * ID n + CA n)
3+ 1.39 * 0.433 * (10 - 2 + 0.5 * 2.4375 + 0)

= 8.5485 PSI
FOR COMPONENT ON WHICH NOZZLE IS MOUNTED:
t ¢ (Actual Thickness) : 0.1875 in.
t _cr (Required Thickness, Inclusive of Corrosion) : 0.033 in.
ca c (Corrosion Allowance) : 0 in.
S_cd (Allowable Design Stress) : 22,500 PSI

f n (Nozzle Stress Reduction Factor),
= MIN[(Sts/S_cd), 1]
= MIN[ (28,200 / 22,500), 1]
=1

L ip2 = MIN[L_ip, 2.5*{t_c¢c - ca_c), 2.5*(t_n - can - ca_c)]
MIN[O, 2.5%(0.1875 ~ 0), 2.5%(0.1875 - 0 - 0)]
0 in.

t_nr (Required Nozzle Thickness, per ASME Section VIII, UG-28)

LO/D0 = L ep/(ID n + 2*t_n) = 0.2025

DO/ (t n - ca n) = 158

B =12,941 <from FIG HA-2 >

A = 0.004 <from FIG UGO-28.0> (ref. only)

3PD/ (4B) + CA
(3*0.2*29.63)/(4%12,941) + 0
-—-=> = 0.0003 in.

t nr
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Nozzle Areas Providing Reinforcement:
Al c (Available Component wall on which Nozzle is mounted),

A

2_

A3

A

A

4

5_

n

n

_n

Actual

Ar

IDn * (t_c - t_cr) - 2%t _n*(t_c - t_cr)*(1-f_n)
29,25 * (0.1875 - 0.033) - 2 * 0.1875 * (0.1875 - 0.033)*(1-1)
4.,5191 in"2.

Available Nozzle neck thickness),
5 * MAX[(t n - t nr),0] * MIN[(t.n - ca_n),(t_c - ca_c})] * fn
5 * MAX[(0.1875-0.0003),0]*MIN[(0.1875-0), (0.1875-0)] * 1
0.1755 in~2.

Available Internal Projection of Nozzle neck),
2 * (tn-can-cac) *Lip2 * fn
2 * (0,1875 - 0 -0) 0 * 1
0 in~2.

(Available Inner and Outer fillet welds),

twl "2 + tw2c "2

(0.1875)"2 + (0) ~2

0.0352 in"2.

0 in”2 (No Reinforcement Area due to Repad)

=1

LI (e I

(Actual Reinforcement Area)

= A lc + A2 n + A3 n + A4 _n + A5 n
= 4,5191 + 0.1755 + 0 + 0.0352 + O
= 4,73 in"2.

Reinforcement Area for Nozzle H : A a = 4.73 in”"2,

Under External Pressure:
Required Reinforcement Area for Nozzle H : A r = 0.483 in"2.

Since A1 ¢ + A2 n + A3 n + A4 n > A r,

A5 n Calc = 0 in”2 (Repad Reinforcement Area Not Required)

L

nn

Length of Nozzle Neck Contributing to Reinforcement: REFERENCE ONLY),
2.5 * MIN[(t n - ca n),(t c - cac)] + {(t_rp - ca_rp)
2.5 * MIN[(0.1875 - 0),(0.1875 - 0)] + (0)
0.4688 in.

L
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< INTERNAL PRESSURE (Design Mode) = 3 PSI >

Material : A-312 UNS S31254 WLD PIPE

ID n (Nozzle ID) : 29.25 in.

ca n (Corrosion Allowance for Nozzle Neck) : 0 in.

ID2 n (Corroded Nozzle ID) = ID n + 2 * ca n : 29.25 in.
t n (Nominal Nozzle Neck thickness) : 0.1875 in.

E (Tank Joint Efficiency) : 0.7

E1l (Nozzle Neck Joint Efficiency) : 0.7

Ex (Area Joint Efficiency on which Nozzle is Mounted) : 1
twl (Fillet Weld at Nozzle Neck OD) : 0.1875 in.

t rp (Nozzle Repad Nominal Thickness) : 0 in.

ca_rp (Nozzle Repad Corrosion Allow.) : O in.

D rp (Nozzle Repad Do or L) : 0 in.

tw2 = tw2c = 0 in.

L ip (Internal Projected Length of Nozzle Neck) : 0 in.
L ep (External Projected Length of Nozzle Neck) : 6 in.
H n (Nominal Nozzle Elevation on Shell) : 2 ft.

ax. Internal Pressure on Nozzle, Including Static Ligquid Head),
P+ G * 0.433 * (Liq. Level - Hn + 0.5 * ID n + CA n)
3
8.

Pn (M

+ 1.39 * 0.433 * (10 - 2 + 0.5 * 2.4375 + 0)
5485 PST

FOR COMPONENT ON WHICH NOZZLE IS MOUNTED:

t ¢ (Actual Thickness) : 0.1875 in.

t cr (Required Thickness, Inclusive of Corrosion) : 0.0344 in.
ca _c (Corrosion Allowance) : 0 in.

S cd (Allowable Design Stress) : 22,500 PSI

f n (Nozzle Stress Reduction Factor),
= MIN[(Sts/S _cd), 1]
= MIN[ (28,200 / 22,500), 1]
=1
MIN[L ip, 2.5*(t ¢ - ca_c), 2.5*(t_n - ca_n - ca_c)]|
MIN[O, 2.5*(0.1875 - Q), 2.5*(0.1875 - 0 - 0)]
= 0 in.

L ip2

t nr (Required Nozzle Thickness)
[P n * (0.5 * ID n + CA _n)
[8.5485 * (0.5 * 29.25 + 0)
---> = 0.0063 in.

1/(Sa * E1) + CA n
1/(28,200 * 0.7) + 0
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Nozzle Areas Providing Reinforcement:
Al ¢ (Available Component wall on which Nozzle is mounted),
=IDn * (t c -t cr) - 2* n*(t c -t cr)*(l-f n)
29.25 * (0.1875 - 0.0344) - 2 * 0.1875 * (0.1875 - 0.0344)*(1-1)
= 4.4782 in"2.
A2 n (Available Nozzle neck thickness),
5 * MAX[(t n - t nr),0] * MIN[(t n - ca n)
5 * MAX[(0.1875-0.0063),0]*MIN[(0.1875-0),
0.1698 in~"2.
Available Internal Projection of Nozzle neck),
2 * (tn-can-<cac) *L ip2 * £ n
2 * (0.1875 - 0 - 0) * 0 * 1
= 0 in"2.
A4 n (Available Inner and Outer fillet welds),
twl *2 + tw2c "2
(0.1875)~2 + (0) "2
0.0352 in~2.
0 in"”2 (No Reinforcement Area due to Repad)

,{tc-cac)] *fn
(0.1 75—0)] * 1

A3 n

=1

A5 n
A a (Actual Reinforcement Area)
=A lc+ A2 n+ A3 n+ Ad n+ A5 n
= 4,4782 + 0.1698 + 0 + 0.0352 + 0
4.683 in"2.

Actual Reinforcement Area for Nozzle H : A a = 4.683 in"2.

A r (Required Reinforcement Area)

(t cr —cac) *E / Ex * [(IDn + 2 * can) + 2*{(t_ n - can)*(1l-f n)]
(0,.0344 - 0) * 0.7 / 1 * [(29.25 + 2*0)

+ 2 * (0.1875 - 0) * (1 - 1)1

0.704 in"2.

Under Internal Pressure:
Required Reinforcement Area for Nozzle H : A r = 0.704 in"2.

Since A1 ¢ + A2 n + A3 n + A4 n > A r,

A5 n Calc = 0 in®2 (Repad Reinforcement Area Not Required)

L nn {(Length of Nozzle Neck Contributing to Reinforcement: REFERENCE ONLY),
= 2.5 * MIN[(t n - ca n),{(t c - cac)] + (t_rp - ca rp)

2.5 * MIN[(0.1875 - 0),(0.1875 - 0)] + (0)
= 0.4688 in.
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5,838

gal

Corroded

2,520 1bf
656 1lbf

869 lbf

Shell 2,520 1bf
Roof Plates 656 1lbf
Bottom 869 1bf
Total 4,045 1bf

Weight of Tank, Empty
Weight of Tank, Full
Weight of Tank, Full of Water

Foundation Area Req'd
Foundation Loading, Empty

Foundation Loading, Full
Foundation Loading, Full of Water

4,045 1bf

4,045
72,347
53,183

79
51.2

915.78
673.2

1bf
1bf
1bf

ftn2
1bf/ft"2

1bf/ft"2
1bf/ft~2
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MAWP & MAWV SUMMARY FOR Y08-125

M I FAB - Y08-125
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Page 42 of 42

MAXIMUM CALCULATED INTERNAL PRESSURE

MAWP =

MAWP =

MAWP

TANK MAWP

15 PSI or 415.7 IN.

Maximum Calculated
15 PSI or 415.7 IN,

Maximum Calculated
(Roof also Per F.1.
15 PSI or 415.7 IN.

H20 (per API-620)

Internal Pressure
H20

Internal Pressure
3 and F.7.5.¢)
H20

= 15 PST or 415.7 IN. H20

MAXIMUM CALCULATED EXTERNAL PRESSURE

MAWV =

MAWV

MAWV =

TANK MAWV

Maximum Calculated
-2.4001 PSI or -66.

Maximum Calculated
-4,549 PSI or -126.

Maximum Calculated
-0.4162 PSI or -11.

External Pressure
52 IN. H20

External Pressure
07 IN. H20

External Pressure
53 IN. H20

= -0.4162 PSI or -11.53 IN. H20

(due

(due

(due

(due

(due

to

to

to

to

to

shell)

roof)

shell)

roof)

bottom plate)
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From: Steve Williams [swilliams@imperialsteeltank.com]

Sent: Wednesday, April 27,2011 11:31 AM

To: Richard Schmitt

Subject: RE: Liquid Argon Tank; FERMILAB P.0O. 583306: Job Y08-125
Attachments: 20110427113357.pdf; 20110427113246.pdf

Richard,

Attached is a statement on the applicable letterhead confirming that the subject tank was fabricated
according to the rules of API 620.

Regarding the bottom, our software automatically defaults to ¥ minimum thickness for the bottom for
both API 650 and 620 designs. This minimum is for carbon steel bottoms. Both codes have an Appendix
S covering stainless steel construction which allows the bottom minimum thickness to be reduced to
3/16”. We ran the basic vessel parameters (without nozzles) through our current edition of the design
software and attached are those pages that were impacted by the change in bottom minimum
thickness. The page numbers may not correspond with the original copy due to changes in the software
report format but the 3/16” bottom is adequate.

Regards,

Steven Williams

Imperial Steel Tank Company
office: 815-308-3400 x103
direct: 815-600-8607

fax: 815-308-3376

From: Richard Schmitt [mailto:rlschmitt@fnal.gov]

Sent: Tuesday, April 26, 2011 4:47 PM

To: Steve Williams

Subject: Liquid Argon Tank; FERMILAB P.O. 583306: Job Y08-125

Steve,

The documentation sent last week was a big help to our approval process. Would you also
please send a statement that the tank was constructed according to the rules of API 620, as
described in paragraph 8.3.2?

The calculations are very thorough, but there is a discrepancy regarding the bottom thickness.
The bill of material specifies 3/16 inch but the calculations are for 0.25 inch thickness. We
checked the actual thickness and found it to be 3/16 inch. The only place this has any
significance change in the results is for the external pressure. Is it possible to re-run the
calculations using the thinner material?

Richard Schmitt
630-840-4849

[x] The mge

iy

= FERMILAB

ig
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MIDWEST IMPERIAL STEEL FABRICATORS, LLC
400 S. LaGRANGE ROAD, FRANKFORT, ILLINOIS 60423

CUSTOMER
FERMI LAB
KIRK ROAD & WILSON STREET
BATAVIA, IL 60510

CUSTOMER PURCHASE ORDER
583306

DESIGN CALCULATIONS FOR

LIQUID ARGON TANK
TAG # ME-444715
120"0D x 120" SEAM / SEAM
WITH DISHED ROOF AND FLAT BOTTOM

Vessel designed with Etank 2000

M | FAB JOB No.

DESIGN CODE

DESIGN PRESSURE

DESIGN TEMPERATURE
SERIAL NUMBER

YEAR BUILT

RADIOGRAPHY

POST WELD HEAT TREATMENT
CONSTRUCTION TYPE

Y08-125

API 620 10th Edition, Feb 2002
3 psi internal / 0.2 psi external
-320 TO 100 DEGREES F
Y08-125

2009

None

None

Welded

Partial Revision (for 3/16" thick bottom plate)
Please refer to design calculations dated 11-19-08 for the balance of the vessel design calculations

SIGNATURES

e :
APPROVED: __ P /K/fw

DATE: 7 ,// 7//1
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Page 3 of 33
Imperial Steel tank Company - Y08-125
TANK REPORT: Printed - 4/27/2011 10:10:07 AM

SUMMARY OF DESIGN DATA and REMARKS
Job Y08-125

Date of Calcs. 4/27/2011 , 10:05 AM
Mfg. or Insp. Date : 11/19/2008

s ws

Designer : SCW

Project : FERMI LAB P.O. 583306

Tag Number : ME-444715

Plant : FERMI LAB

Plant Location : FERMI LAB

Site : FERMI LAB

Design Basis : API-620 10th Edition, Feb 2002

- Operating Ratio: 0.4

- Design Standard:

- API-620 10th Edition, Feb 2002 =
- API-650 Appendices Used: F.1.3, E -
- Roof : A-240 Type 304: 0.1875in. -
- Shell (2): A-240 Type 304: 0.1875in. =
- Shell (1): A-240 Type 304: 0.1875in. =
- Bottom : A-240 Type 304: 0.1875in. =

Design Internal Pressure = 3 PSI or 83.14 IN. H20
Design External Pressure = -0.2 PSI or -5.54 IN. H20

MAWP = 15.0000 PSI or 415.70 IN. H20
MAWV = -0.2480 PSI or -6.87 IN. H20

OD of Tank = 10 ft
Shell Height = 10 ft
S.G. of Contents = 1.39
Max. Lig. Level = 10 ft

Design Temperature = 100 °F
Tank Joint Efficiency = 0.7

Ground Snow Load = 20 1lbf/ft~2
Roof Live Load = 20 lbf/ft"2
Design Roof Dead Load = 0 lbf/ft"2

Basic Wind Velocity = 0 mph

Wind Importance Factor =1

Using Seismic Method: API-650 10th Ed.
Seismic Zone =1
Site Amplification Factor = 1.5
Importance Factor = 1

DESIGN NOTES

NOTE 1 : Per API-650 F.7.6 - Hydro test pressure = 1.25 * P
= 3.75 PSI or 103.93 IN. H20
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Imperial Steel tank Company - Y08-125
TANK REPORT: Printed - 4/27/2011 10:10:07 AM

SUMMARY OF RESULTS

Shell Material Summary (Bottom is 1)

Shell Width Material Sts Sca Weight CA
# (ft) (psi) (psi) (1bf) (in)
Ratio = (t-CA)/R
= (0.1875 - 0)/60
= 0.0031
2 5 A-240 Type 304 22,500 3,125 1,260 0
Ratio = (t-CA)/R
= (0.1875 - 0)/60
= 0.0031
1 5 A-240 Type 304 22,500 3,125 1,260 0
Total Weight 2,520

Shell API 620 Summary (Bottom is 1)

Shell t.int620 t.ext620 t.required t.actual
# (in.) (in.) (in.) (in.)
2 0.0229 0.0769 0.1875 0.1875
1 0.0344 0.0769 0.1875 0.1875

Self Supported Umbrella Roof; Material = A-240 Type 304
t.required = 0.062 in.
t.actual = 0.1875 in.
Roof Joint Efficiency = 0.7
Weight = 656 1bf
Bottom Type: Flat Bottom: Non-Annular
Bottom Floor Material = A-240 Type 304
t.required = 0.1875 in.
t.actual = 0.1875 in.
Bottom Joint Efficiency = 0.7
Total Weight of Bottom = 674 1bf
ANCHOR BOLTS: (8) lin. UNC Bolts, A-193 Gr B7

TOP END STIFFENER: NONE, , 0 1lbf

Page 4 of 33
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FLAT BOTTOM: NON-ANNULAR PLATE DESIGN

Bottom Plate Material : A-240 Type 304
Annular Bottom Plate Material : A-36

<Weight of Bottom Plate>
PI/4* (Bottom OD)"2

PI/4*(124.)2
12,076 in~2

Bottom Area

(1|

Weight = Density * t.actual * Bottom Area
= 0.2975 * 0.1875 * 12,076
= 674 1bf (New)
= 674 1bf (Corroded)
< API-620 >

t min = 0.1875 + CA = 0.1875 + 0 = 0.1875 in. (per Section S.3.5.1)
t-Calc = t min = 0.1875 in.
Calculation of Hydrostatic Test Stress & Product Design Stress
(per API-650 Section 5.5.1)
t 1 : Bottom (1st) Shell Course thickness.

'= Max. Liqg. Level + P(psi)/(0.433)
10 + (3)/(0.433) = 16.9284 ft

St = Hydrostatic Test Stress in Bottom (1lst) Shell Course

= (2.6)(OD) (H' - 1)/t 1

= (2.6)(10)(16.9284 - 1)/(0.1875)

= 2,209 PSI. (Within 24900 PSI limit for Non-Annular Bottom)
Sd Product Design Stress in Bottom (lst) Shell Course

(2.6)(OD) (H' - 1)(G)/(t_ 1 - ca_ 1)
(2.6) (10) (16.9284 - 1)(1.39)/(0.1875)
3,070 PSI. (Within 23200 PSI limit for Non-Annular Bottom)

< Vacuum Calculations > (per ASME Section VIII Div. 1)
Weight of Corr. Bottom Plate Resisting External Vacuum

P btm 0.2975 * 0.1875

0.0558 PSI or 1.55 IN. H20

P _ext PV + P btm = -0.2 + 0.0558 = -0.1442 PSI or -4.00 IN. H20
= -0.1442 PSI

(t-Calc - CA) (1st course)
(0.0769 - 0)
0.0769 in.

td _ext

ts (t.actual - CA) (1st course)
(0.1875 - Q)

0.1875 in.
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Imperial Steel tank Company - Y08-125
TANK REPORT: Printed - 4/27/2011 10:10:07 AM

.33 * td ext / ts

cC=0 )
= 0.33 * 0.0769 / 0.1875
= 0.1353

since C < 0.2, set C = 0.2

t-Vac = OD*SQRT(C*P_ext/SE) + CA
= (120)*SQRT[(0.2) (-0.1442)/(22,500) (0.7)] + O
= 0.1624 in.

t-Calc MAX (t-Calc, t-Vac)

MAX(0.1875,0.1624)
0.1875 in.

P max_external (Vacuum limited by bottom plate thickness)
-{[(t - CA)/OD]"2*(S*E/C) + P_btm)

-([(0.1875 - 0)/120]172*(22,500*0.7/0.2) + 0.0558)
-0.248 PSI or -6.87 IN. H20

< FLAT BOTTOM: NON-ANNULAR SUMMARY >
Bottom Plate Material : A-240 Type 304

t.required = 0.1875 in.
t.actual = 0.1875 in.
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NET UPLIFT DUE TO INTERNAL PRESSURE
(See roof report for calculations)
Net Uplift = 30,753 1lbf
Anchorage REQUIRED for internal pressure.
Bolt Spacing = 10 ft, Min # Anchor Bolts = 6

WIND MOMENT (Using API-650 SECTION 5.11)

vs = Wind Velocity = 0 mph
vf = Velocity Factor = (vs/100)72 = (0/100)"*2 = 0
Wind Uplift = Iw * 30 * vf

=1* 30 *0

= 0 1lbf/ft"2

API-650 5.2.1.k Uplift Check
P_F41 = WCtoPSI (0.962*Fy*A*TAN (Theta)/D"2 + 8*t_h)

P _F41 = WCtoPSI (0.962%30,000%0%0.8333/10%2 + 8*0.1875)
0.0541 PSI

Limit Wind Uplift/144+P to 1.6%P_F41

Wind Uplift/144 + P = 3 PSI

1.6%P_F41l = 0.0866 PSI

Wind_Uplift/144 + P = MIN(Wind Uplift/144 + P, 1.6%P_F41)
Wwind Uplift/144 = MIN(Wind Uplift/144, 1.6*P_F4l - P)
Wind Uplift = MIN(Wind Uplift, (1.6*P_F4l - P) * 144)
MIN(0,-419.5354)

-419.5354 1bf/ft"2

Wind Uplift set to zero since cannot be negative.

hR Height of Roof
R - SQRT[R"2 - (OD/2)"2]
10 - SQRT[1072 - (10/2)"2]

1.331 ft

LI T T

t_ins = Thickness of Roof Insulation
= ft
Vertical Projected Area of Roof
PI*([R + t ins])~2) (Alpha/360) - OD*([R + t_ins] - hR)/2
PI*(10°2)(59.9499/360) - 10*(10 - 1.331)/2
8.9712 ft~2

Ap_ Vert

munnno

Horizontal Projected Area of Roof (Per API-650 5.2.1.f)

Moment Arm of UPLIFT wind force on roof
0.5*0D

0.5*10

5 ft

Projected Area of roof for wind moment
PI*R"2

PI*572

78.54 ft~2

Wind Moment = 0 ft-lbf

Xw

Ap

W = Net weight (PER API-650 5.11.3)
(Force due to corroded weight of shell and
shell-supported roof plates less
40% of F.1.2 Uplift force.)
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W _shell + W _roof - 0.4*P*(PI/4) (144) (0OD"2)
2,520 + 656 - 3*(PI/4)(144) (10"2)
-10,396 1bf

NOTE: There is net uplift on the tank.
RESISTANCE TO OVERTURNING (per API-650 5.11.2)
An unanchored Tank must meet these two criteria:
1) 0.6*Mw + MPi < MDL/1.5
2) Mw + 0.4MPi < (MDL + MF)/2

Mw = Destabilizing Wind Moment = 0 ft-1bf

MPi = Destabilizing Moment about the Shell~to-Bottom Joint from Design «
Pressure.
= P*(PI*OD"2/4)*(144)*(0OD/2)
= 3%(3.1416*1072/4)*(144)*(5)
= 169,646 ft-1bf
MDL = Stabilizing Moment about the Shell-to-Bottom Joint from the Shell and «
Roof weight supported by the Shell.
= (W_shell + W_roof)*0D/2
= (2,520 + 656)*5
= 15,880 ft-1bf
tb = Bottom Plate thickness less C.A. = 0.1875 in.
wl = Circumferential loading of contents along Shell-To-Bottom Joint.

4.67*tb*SQORT (Sy btm*H_1iq)
4.67%0.1875*SQRT (30, 000*10)
479.6 1bf/ft

wl = 0.9 * H 1liq * OD (lesser value than above)
= 0.9*%10*10
= 90 1lbf/ft
MF Stabilizing Moment due to Bottom Plate and Liquid Weight.

(OD/2) *wl*PI*OD
(5) (90) (3.1416) (10)
14,137 ft-1bf

o

Criteria 1
0.6*(0) + 169,646 < 15,880/1.5
Since 169,646 >= 10,587, Tank must be anchored.

Criteria 2
0 + 0.4 * 169,646 < (15,880 + 14,137)/2
Since 67,858 >= 15,009, Tank must be anchored.

RESISTANCE TO SLIDING (per API-650 5.11.4)
vE * 18 * As

0 * 18 * 100
0 1bf

F wind
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Maximum of 40% of Weight of Tank
(W Roof Corroded + W _Shell Corroded +
W_Btm Corroded + W _min_Liquid)

= 0.4 * (656 + 2,520 + 674 + 0)
1,540 1bf

F friction
= 0.4

*

No anchorage needed to resist sliding since
F friction > F_wind
<Anchorage Requirement>
Anchorage required since Criteria 1, Criteria 2, or Sliding

are NOT acceptable.
Bolt Spacing = 10 ft, Min # Anchor Bolts = 6
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SEISMIC MOMENT (API-650 APPENDIX E & API-620 APPENDIX L)

Ms (Seismic Moment)

Ms = Z*I*(Cl*Ws*Xs + Cl*Wr*Ht + Cl*W1*X1l + C2*W2*X2)

Z = 0.075 Zone coefficient for zone 1 (from Table E-2)
I =1 Importance Factor

s =1.5 Site amplification factor (from Table E-3)
Cl = 0.6 = Lateral earthquake force coefficient

k = 0.59 (factor for D/H = 1 from figure E-4)

T = Natural Period of First Sloshing Mode
= k*SQRT(OD) = 0.59*SQRT(10) = 1.866
c2 Lateral Earthquake Force Coefficient

0.75(S)/T = .75(1.5)/(1.866) = 0.6029

From Figures E-2 & E-3

X1 H = X1/H chart factor

X2 H = X2/H chart factor

Wl Wt = W1/Wt chart factor

W2 Wt = W2/Wt chart factor

Wt = Weight of tank contents @ Max. Liquid Level

X1 = (X1 _H)*H = (0.4044)*10 = 4.0444
X2 = (X2 H)*H = (0.724)*10 = 7.2405
Wl = (Wl Wt)*Wt = (0.8132)*67,665 = 55,024
W2 = (W2 Wt)*Wt = (0.245)*67,665 = 16,578
Ws = W_shell + W_Insulation (New Condition)
= 2,520 + 0 = 2,520
Wr = W _roof + Snow Load + W_Insulation (New Condition)
= 656 + 1,634 + 0 = 2,290
Cl*Ws*Xs = 0.6*(2,520) (5) = 7,560
Cl*Wr*Ht = 0.6%(2,290) (10) = 13,740
Cl*W1*X1l = 0.6%*(55,024) (4.0444) = 133,523
C2*W2*X2 = (0.6029) (16,578) (7.2405) = 72,369
Ms = Z*I*(Cl*Ws*Xs + Cl*Wr*Ht + CL*W1*X1l + C2*W2*X2)
= (0.075)(1) (7,560 + 13,740 + 133,523 + 72,369)
= 17,039 ft-1bf
W _shell = Weight of Shell (New Condition)
W _roof2 = Weight of Roof Plates Supported By Shell (New)
wt = (W_shell + W_roof2)/(PI*OD) (New Condition)
= (2,520 + 656)/(PI*10)
= 101. 1bf/ft

RESISTANCE TO OVERTURNING (per Section E.4.1, E.4.2,
assuming no anchors)
wl 7.9% (tbl) *SQRT (Sy*G*H)
7.9%(0.1875)*SQRT (36,000*1.39*10)
1,048 1bf/ft

[}

where tbl = t - CA = 0.1875 in. (for Bottom Plate)
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1.25%G*H*0OD = 1.25(1.39) (10) (10)
= 174 1bf/ft

since wl > 1.25*G*H*0OD, wl = 1.25G*H*OD
wl = 174 1bf/ft

UNANCHORED TANKS (Section E.5.1)
Ms/[OD"2 (wt+wl)] = 17,039/[(1072) (101. + 174)] = 0.6194

wt + 1.273(Ms)/0OD”2 = max longitudinal compressive force
101. + 1.273(17,039)/(10)"2 = 318 1lbf/ft

b

MAXIMUM ALLOWABLE SHELL COMPRESSION (Section E.5.3)

b/ (12t) Max Longitudinal Compressive Stress

318/(12*(0.1875 - 0)) = 141 psI

G*H*OD”2/t~2 = (1.39) (10) (1072)/(0.1875 - 0)"2 = 39,538

Fa = 10°6*t/(2.5*0D) + 600*SQRT (G*H)
= (1076) (0.1875 - 0)/(2.5*%10) + (600)SQORT[(1.39) (10)]
= 9,737 PSI

t =0.1875 - 0 = 0.1875 in. (OK since b/ (12t) <= Fa)

ANCHORED TANKS (Section E.5.2)

wt + 1.273(Ms)/0OD"2 = Max Longitudinal Compressive Force
101. + 1.273(17,039)/(10)~2 = 318 lbf/ft

b

MAXIMUM ALLOWABLE SHELL COMPRESSION (Section E.5.3)

b/ (12t) Max Longitudinal Compressive Stress

318/(12*(0.1875 - 0)) = 141 PSI

It

G*H*OD"2/t~2 = (1.39)(10) (1072)/(0.1875 - 0)~2 = 39,538

Fa = 1076*t/(2.5*0D) + 600*SQRT (G*H)
= (1076) (0.1875 - 0)/(2.5*10) + (600)SQRT[(1.39) (10)]
= 9,737 PsI

t = 0.1875 - 0 = 0.1875 in. (OK since b/ (12t) <= Fa)

ANCHORAGE OF TANKS (Section E.6.1)

8 Number of Anchors

N
D 10.3333 ft Diameter of Anchor Circle

Net Uplift = Net uplift due to internal pressure

MAR = minimum anchorage resistance due to seismic moment
= 1.273(Ms)/OD"2 + Net_Uplift/Circumference
=1.273(17,039)/10~2 + 30,753/ (PI*10)
= 1,196 1bf/ft circumference

btseis anchor tension req'd to resist seismic moment

MAR*D*PI/ (N)
(1,196) (10.3333) (PI)/(8) = 4,853 1bf
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ANCHOR BOLT DESIGN

Bolt Material : A-193 Gr B7
Sy = 105,000 PSI

< Uplift Load Cases, per API-650 Table 5-21b >

D (tank OD) = 10 ft

P (design pressure) = 83.14 INCHES H20

Pt (test pressure per F.7.6) = 1.25 * P = 103.93 INCHES H20
Pf (failure pressure per F.6) = N.A. (see Uplift Case 3 below)
t h (roof plate thickness) = 0.1875 in.

Mw (Wind Moment) = 0 ft-1bf

Mrw (Seismic Ringwall Moment) = 17,039 ft-1bf

Wl (Dead Load of Shell minus C.A. and Any
Dead Load minus C.A. other than Roof
Plate Acting on Shell)

W2 (Dead Load of Shell minus C.A. and Any
Dead Load minus C.A. including Roof
Plate minus C.A. Acting on Shell)

W3 (Dead Load of New Shell and Any
Dead Load other than Roof
Plate Acting on Shell)

For Tank with Self Supported Roof,

W1l = Corroded Shell + Shell Insulation
=2,520 + 0
= 2,520 1lbf
W2 = Corroded Shell + Shell Insulation + Corroded
Roof Plates + Roof Dead Load
= 2,520 + 0
+ 656 + 11,762 * 8.0325/144
= 3,832 1bf
W3 = New Shell + Shell Insulation
=2,520 + 0
= 2,520 1bf

Uplift Case 1: Design Pressure Only
U [(P - 8*t_h) * D*2 * 4.08] - W1
U [(83.14 - 8*0.1875) * 1072 * 4.08} - 2,520
30,789 1bf
bt = U / N = 3,849 1lbf

d = 15,000 PST

Bolt Root Area Reg'd
bt/sd

3,849/15,000 = 0.257 in"2

S
A sr
A sr

[ |

Uplift Case 2: Test Pressure Only

U [(Pt - 8%t _h) * D*2 * 4.08] - W1l

U [(103.93 - 8*0.1875) * 1072 * 4.08] - 2,520
39,271 1bf
bt = U / N = 4,909 1bf
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d = 20,000 PSI

Bolt Root Area Reqg'd
bt/sd

4,909/20,000 = 0.245 in"2

S
A sr
A s r

Uplift Case 3: Failure Pressure Only

Not applicable since if there is a knuckle on tank roof,

or tank roof is not frangible.
Pf (failure pressure per F.6) = N.A.

Uplift Case 4: Wind Load Only

PWR = Wind Uplift/5.208
= 0/5.208
= 0 IN. H20
PWS = vF * 18
=0 * 18
= 0 lbf/ft"2
MWH = PWS*(D+t ins/6)*H"2/2
= 0*(10+0/6)*10"2/2
= 0 ft-1bf
U= PWR * D*2 * 4,08 + [4 * MWH/D] - W2
= 0*1072*4.08+[4*0/101-3,832

-3,832 1bf
bt = U / N = -479 1bf

sd = 0.8 * 105,000 = 84,000 PsI
A s r Bolt Root Area Req'd

Asr

Uplift Case 5: Seismic Load Only
U [4 * Mrw / D] - W2*(1-0.4*Av)
U (4 * 17,039 / 10] - 3,832*%(1-0.4*0)
2,984 1bf
bt = U/ N = 373 1bf

sd = 0.8 * 105,000 = 84,000 PSI
A s r = Bolt Root Area Req'd
A s r = bt/Sd

373/84,000 = 0.004 in~2

Uplift Case 6: Design Pressure + Wind Load
U

= 10,436 1bf
bt =0/ N = 1,305 1bf

sd = 20,000 = 20,000 PSI
A s r Bolt Root Area Req'd
A s r = bt/Sd
1,305/20,000 = 0.065 in"2

Uplift Case 7: Design Pressure + Seismic Load
[(0.4*P - 8*t _h)*D"2 * 4.08] + [4*Mrw/D]
[(0.4*83,14-8*0.1875)*1072*4.08]1+[4*17,039/10]-2,520*(1-0.4*0)

8]

17,252 1bf
bt = U/ N = 2,157 1bf

N.A., since Load per Bolt is zero.

[(0.4*%P + PWR - 8*t h) * D"2 * 4,08] + [4 * MWH / D] - Wl
[(0.4*83,14+0-8%0,1875)*1072 * 4.08]+[4*0 / 10] - 2,520

- W1*(1-0.4*Av)
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Page 28 of 33
Imperial Steel tank Company - Y08-125
TANK REPORT: Printed - 4/27/2011 10:10:07 AM
d=0.8 * 105,000 = 84,000 PSI
Bolt Root Area Reqg'd
bt/sd
2,157/84,000 = 0.026 in"2

S
A s
A s

i
r

Uplift Case 8: Frangibility Pressure
Not applicable since if there is a knuckle on tank roof,
or tank roof is not frangible.
Pf (failure pressure per F.6) = N.A.

< ANCHOR BOLT SUMMARY >
Bolt Root Area Reg'd = 0.257 in"2

d = Bolt Diameter = 1 in.

n = Threads per inch = 8

A Actual Bolt Root Area
0.7854 * (d - 1.3 / n)"2
0.7854 * (1 - 1.3 / 8)"2
0.5509 in"2

0

Exclusive of Corrosion,
Bolt Diameter Req'd = 0.702 in. (per ANSI Bl.1)

Actual Bolt Diameter = 1.000 in.

Bolt Diameter Meets Requirements.

<ANCHORAGE REQUIREMENTS>
Minimum # Anchor Bolts = 6
NOTE: API-620 has no minimum spacing requirement, but
per API-650 5.12.3, maximum spacing is 10 ft if anchorage required.

Actual # Anchor Bolts = 8
Anchorage Meets Spacing Requirements.
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Imperial Steel tank Company - Y08-125

TANK REPORT: Printed - 4/27/2011 10:10:20 AM

CAPACITIES and WEIGHTS

Maximum Capacity (to upper TL) : 17,514 gal
Design Capacity (to Max Liquid Level) : 29,195 gal
Minimum Capacity (to Min Liquid Level) : 0 gal
NetWorking Capacity (Design - Min.) : 29,195 gal
New Condition Corroded
Shell 2,520 1bf 2,520 1bf
Roof Plates 656 lbf 656 lbf
Bottom 674 1bf 674 1bf
Stiffeners 0 1bf 0 1lbf
Nozzle Wgt 0 1bf 0 1bf
Misc Roof Wgt 0 1bf 0 1bf
Misc Shell Wgt 0 1bf 0 1bf
Insulation 0 1bf 0 1bf
Total 3,850 1bf 3,850 1bf
Weight of Tank, Empty z 3,850 1bf
Weight of Tank, Full of Product (8G=1.39) : 71,577 1bf
Weight of Tank, Full of Water 3 52,575 1bf
Net Working Capacity 5,839 gal
Foundation Area Reg'd 79 ftr2
Foundation Loading, Empty H 48,73 1lbf/ft"2
Foundation Loading, Full of Product (SG=1.39) : 906.04 1bf/ft"2
Foundation Loading, Full of Water H 665.51 1bf/ft"2
SURFACE AREAS
Roof 82 ft"2
Shell 314 ft~2
Bottom 79 ft"2
Wind Moment 0 ft-1bf
Seismic Moment 17,039 ft-1bf

MISCELLANEOUS ATTACHED ROOF ITEMS

MISCELLANEOUS ATTACHED SHELL ITEMS

Page 32 of 33
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Imperial Steel tank Company - Y08-125
TANK REPORT: Printed - 4/27/2011 10:10:20 AM

MAWP & MAWV SUMMARY FOR Y08-125
MAXIMUM CALCULATED INTERNAL PRESSURE
MAWP = 15 PSI or 415.7 IN. H20 (per API-620)

MAWP = Maximum Calculated Internal Pressure (due to shell)
= 15 PSI or 415.7 IN. H20

Maximum Calculated Internal Pressure (due to roof)
(Roof also Per F.1.3 and F.7.5.¢)
15 PSI or 415.7 IN. H20

MAWP

TANK MAWP = 15 PSI or 415.7 IN. H20

MAXIMUM CALCULATED EXTERNAL PRESSURE

MAWV = Maximum Calculated External Pressure (due to shell)
= -1.,8721 PSI or -51.88 IN. H20
MAWV = Maximum Calculated External Pressure (due to roof)
= —-4.549 PSI or -126.07 IN. H20
MAWV Maximum Calculated External Pressure (due to bottom plate)

-0.248 PSI or -6.87 IN. H20

TANK MAWV = -0.248 PSI or -6.87 IN. H20
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IV. C. TANKSUPPORT CALCULATIONS
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LAPD Tank Support Calcs rev. 04-28-11

These calculations are for the LAPD tank support platform.

The LAPD tank is a flat bottom atmospheric tank built to APl 620 standards. The
tank is designed for the tank bottom to be supported.

Argon Data at 84K Saturation Temperature
Argon physical properties from NIST REPROP

argon liquid density

PArL I::|.385'E PArL = 86.46~£

m3 ft3

LAPD Tank Dimensions and data
D -=10-ft H -=10-ft

Tankyo -=6506-gal This volume is for liquid full, which includes the domed top.

3 ref: Midwest Steel Fabricators, drawing YO08-125.
Tankyg = 24.63-m

Weight of argon for liquid full
Argonyt - =Tankyo|-parL Argonyt = 34110kg Argonyt = 75199:-1b
Tank wall data - 7 gage stainless plate

Ib kg The tank walls and top are

Platew ::7'88'ft—2 Platew = 38'47’? fabricated from 7 ga. 304 SS.

Plateih, -=0.1793-in
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Area of tank metal

2 2 .
L D D D Metal area for side, bottom and
Areass '_ZNO(E)H * N(Ej * 13%(5) top of tank.
_ 2 _ 2
Areags = 494.80-ft Areags = 45.97-m

Weight of tank metal

A generous 1000 Ib allowance is used to cover nozzles, nozzle extensions and
instruments attached to the tank.

Tanky -=Areags-Platey; + 1000-1b Tankyt = 4899-1b Tankyt = 2222-kg

Trymer 2000 Density Insulation thickness

Insul2000gens :=33.k—g3 Insul2000¢hk -=5-2-in +0.75-in  Insul2000ihk = 10.75-in
m

ref: Trymer 2000, Form T2000XP1-041210, ITW Insulation Systems,
and Insulation and Tank Support Drawing ME466366

Estimate of Insulation Volumes
Used to determine insul. weight attached to tank

2 2
D + 2Insul20004k D 3
Vinsul.side 2=7T'( > ‘H - 5 H Vinsul.side = 8.68m
D + 2Insul20004, )2 3
Vinsul.top =T > -Insul2000¢hk Vinsul.top = 2.77m

Insulyt 2=Insul2000gens- (Vinsul.side + Vinsul.top) = 378kg
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Check of Tank Load on Plywood

The platform has to hold the maximum weight of a liquid full insulated argon tank.
A generous 500 Ib allowance is used to cover mastic and plywood.

Total Tank Weight on platform

Totali wt -=Tankyt + Insuly; + Argon,,; + 500-1b
Totaly wt = 36937kg Totaly wt = 81431:1b

Platform Load per unit area from tank

Totalyk wt-0

2
D .
ﬂ‘(—j Platformigading = 49.6-kPa Platformgading = 7.20-psi

2

The first layer on the platform is 3/4" plywood sheeting

Plywood Allowable Compression Perpendicular to face
(adjusted for load duration in excess of 10 years)

The plywood is 3/4" sheathing, APA rated exposure 1 or 2 of Grade Stress Level 3
or better.

This is for S3, face grade 2, per APA -
The Engineered Wood Association.
Adjusted per APA Plywood Design
Specification (1997) paragraph 3.3.1.2.

The tank load is less than the plywood allowable compression stress.
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Check of Tank Load on Trymer 6000 under plywood

Total wt-9
Plywoodioading ::—2
2)
TT-| —
2

Trymer 6000, rigid insulation is the layer below the plywood.

Trymer 6000 Compression Strength Perpendicular to face

Trymer6000¢omp -=140-psi Trymer6000comp = 20160-M

ft>
ref: Trymer 6000, Form T600001-0209,

ITW Insulation Systems. Trymer6000comp = 965-kPa
Plywoodgagi
yw loading _514.%
Trymer6000¢omp

The tank load distributed through the plywood is less than 6% of the Trymer 6000
compression stress.
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Load Distribution between railcar and cribbing

More than half the tank rests on the railcar. These calculations determine what
that distribution is based on the tank support detail in drawing
3942.000-ME-466366.

R :=—

h =R - (962"” - 17.75-inj = 2.48.ft

a :=2-\/h-6-R -h)

R-h

Segmentarea :=R2-acos( j ~(R-h)+/2-R-h - h?

2 ref:

Segmentarea = 1.41-m http://mathworld.wolfram.com/CircularSegment.html

Segment
Cr'bblngshare o= g area = 1932%

railcarghare -=1 - cribbingshare = 80.68-%
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Check of Tank Load on Platform Under Trymer 6000

Trymer 6000 Density Insulation thickness
Insul6000gens :=96.k—g3 INsul6000¢xk -=3-3-in Insul6000ihk = 9-in
m

Weight of Trymer 6000 base
An allowance of 8" all around is provided to cover trymer 6000 platform which is
wider than the tank with wall insulation.

D + 2Insul2000¢k + 2-8-in 2
5 -Insul6000;h - INsul6000gens

base6000,; : :Tr'(

base6000,,; = 275.85kg

A 500 Ib allowance is included to cover the weight of bolting, mastic, etc

Load carried by Railcar

railjpad ::(Totaltk_wt + base6000,,; + 500-Ib) railcarghare

railjpag = 30206-kg railjpag = 66592-1b

This rail load is further distributed over 2 railcars with a 1.5" steel plate spanning
the railcars. These railcars were originally designed to carry electro-magnets. The
combined carrying capacity of 2 of these railcars is in excess of 150,000 pounds per
Jim Kilmer. For comparison, the 2 wheel assemblies from a typical boxcar carry
minimum of 70 tons.

(ref: http://www.worldtraderef.com/WTR_site/Rail_Cars/Guide_to_Rail_Cars.asp)

The rail load is less than the railcar capacity.
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Check of Cribbing Under Trymer 6000

Load carried by Cribbing

A 500 Ib allowance is included to cover the weight of bolting, mastic, etc

cribjoad :=(Tota|tk_wt + base6000,; + 500olb) cribbingshare
cribjgag = 7234 -kg Cribjpag = 15947-Ib

Plastic Lumber Allowable Compression Perpendicular to face
(utility grade plastic lumber)

PIaStiC|umber_comp ::1420pS| PIaStiC|umber_comp = 9790555Pa

ref: Plastic Lumber Engineering Properties, Plastic Lumber Yard,
http://plastic lumberyard.com/electricaldata.htm (accessed 09/16/10)

The first length of plastic lumber is assumed to be 12" from rail car steel plate.

plasticiymper.L :=2.\/(h + 12-in).|_2.R - (h + 12.in)| plasticijymper.L = 9.53-ft

The first section of plastic

Cribioad-g lumb handle the load

lastic ing == = 175-kPa urmber cah handie the foad.

P umber.loading plasticiymper.A The additional sections just
further reduce the load per unit

plasticlymber.loading = 25.36-psi area.

Gaps between the plastic lumber and the trymer base are bridged with 2x4
construction lumber and plywood sheeting.
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Dry Pine Lumber Allowable Compression Perpendicular to face
(adjusted for greater than 10 year load duration)

ref:Wood Handbook - Wood as an
Engineering Material, Forest Products
Laboratory, 2010, General Technical
Report FPL-GTR-190.

pinecomp :=90%-3000-kPa = 392.psi

Plywoodcomp = 6826-kPa The actual loading is less than the pine
lumber and plywood compression capacity,
even if only one length of support is used.

Minimum number of cross lumber support members

Cross members of plastic lumber are used in the cribbing.

_ . cribjoag-9 _ o A si"ngle cross member provides
Mingross.A - - =11.2-in 3.5"x3.5" of area, 11.9 sq in.
Plasticlumber.comp Additional cross members just

further reduce the distributed load.

The first long section of plastic lumber and wood lumber have compressive strength
in excess of the loading from the tank. There are actually several more rows of
cribbing support, which further reduce the distributed load.
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Check of Cribbing support span

The trymer 6000 tank base will experience some deflection over the open spans
between cribbing supports. The deflection is estimated by treating the open span

of trymer 6000 as a simple beam with uniform load distribution. The plywood
sandwiching the trymer 6000 is ignored. The maximum span determines the number
of cribbing support rows.

Spacing between Cribbing supports - open span

span :=12-in MAX.

Trymer moment of inertia - at longest open span

I __span|_.lnsul6000thk3
) 12

- 0.03516-ft*

Total load on open Span of Trymer 6000

W :=Plywoodioading-Span.-h = 25207.3 m-s 2'O.Ib

Trymer 6000 flexural modulus (modulus of elasticity)

E :=5800'£
.2
in
5 W-span 3
Ap 1= . L - 0.1341m-s_2.in ref: Machinery's Handbook, 28th
384  E ed,pages, 236 and 258.

The trymer 6000 deflection is minimal, even at a 12 inch span length. The actual
span length will be less than 12 inches.

Minimum # of cribbing rows under trymer 6000
(using 90%b6 of max span to provide additional safety margin)

MiN¢rib.rows :=# =28 A minimum of 3 cribbing support rows will be

90-%-span used under the trymer 6000
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IV.D. ANCHOR BOLT CALCULATIONS
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LAPD Tank Anchor Bolt Calc's rev. 05-02-11

These calculations are for the LAPD tank anchor bolts.

The tank uplift value comes from the vendor calculations. The vendor basic uplift
check calculations identify that a minimum of 6 anchors are needed. The tank
vendor designed the tank with 8 anchor points.

Anchor Points

There are 8 anchor points that will be held down by 3/4"-10 threaded SS rod.
ref: Insulation and Tank Support Drawing ME466366

Nanchors -=8

Anchor Bolt Data

Boltyield.str 2=10020-Ibf 5 3/4"_10 304 or 316 SS rod
ref: Bolt Supply House, Rod Data.

Net Uplift due to Design Pressure on Empty Tank

Netypiirt ==30753-Ibf ref: Midwest Imperial Steel Calculations, p 21 of
33 (vendor page number).

Load Per Anchor Bolt (from uplift)

Netypiif
Loadper_b0|t :ziIt = 3844.1-1bf

anchors

This is the anchor tension required to resist
seismic moment, per the vendor calculations. The
seismic moment is the larger load.

Ioadseismic -=4853- Ibf

loadseismic

Boltyield.str = 48.4-% Bolt load is less than 50% of its yield strength.
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Bolt Stress

loadseismic For comparison, this is less than the
Boltgiress -=——— = 14529.9-psi 15,000 psi allowable anchor bolt
Areaensile stress per APl 650 table 5.21b.

Two of the anchor points are anchored to the floor using 3/4" Hilti HDI drop-in
anchors.

The following notes are for these two anchor points.

Hilti Anchor maximum Tension

HILTI it tension -=14125-1bf ref:HILTI HDI drop-in anchor technical guide, section
4.3.8, page 362.

The Hilti maximum tension value is interpolated from the Hilti data for concrete
having 3500 psi compressive stress. This is the conservative value recommended
by Tom Lackowski of FESS for the PC4 concrete floor.

loadseismic - ) ) .
=34.4-% Hilti anchor load is less than 35% of its ultimate
HILTIyit tension strength_
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IV. E. FEA MODEL OF EMPTY TANK INTERNAL
PRESSURE TEST
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June 6, 2011
Mechanical Analysis of LAr Tank Pressure Test

Bob Wands

Introduction and Summary

The LAr tank will be tested at an internal pressure of 3.75 psi. Because the bottom plate is very
thin, it will tend to push downward against the vessel insulation and the asymmetric rail
car/cribbing support on which the vessel rests, while simultaneously reacting this force by
pulling upward on the combination of rail car and concrete to which it is bolted. The purpose of
this analysis is to determine the likely mechanical behavior of the vessel/insulation/supports, and
identify any aspects which require remediation.

The results show that the outer edges of the rail cars to which the tank is bolted may, if not
constrained, rise approximately 5 inches during the test. This displacement imposes unacceptable
strains on the insulation. To reduce this deformation, it is recommended that the outer corners of
the cars be anchored to the concrete floor. Analysis suggests that this solution requires an anchor
system capable of resisting approximately 2200 lbs of force, and results in a large reduction in
tank and insulation deformations.

The actual installation does not provide access to the corners of both rail cars. One car must be
constrained approximately 34 inches from the corner. The force developed in this constraint is
estimated at 3500 Ibs.

A simple system of 1x6 in steel plates, welded to the platform column flanges, is proposed as a
means of providing rail car constraints.

The FE Model

The finite element model is shown in Fig. 1. The tank and rail cars are steel with an elastic
modulus of 29¢6 psi; the insulation under the tank is Trymer 3000 XP polyisocyanurate foamed
plastic with an elastic modulus of 1200 psi and a maximum compressive strength of 65 psi (see
Appendix I). The insulation is split into three layers horizontally. Within a given layer, several
individual blocks are used. The precise modeling of the individual blocks was not attempted,
though the three layers were included.

The tank is supported on two rail cars which cover about 75% of the bottom area, and wooden
cribbing that covers the remainder. The rail cars are simulated as a 1.5 inch steel plate resting on
two steel rails. The tank bolts to the rail cars in six locations, and in two locations, anchors
directly to the concrete floor.

In establishing symmetry boundary conditions, the rail car boundary, and the insulation boundary
were not included, since these boundaries correspond to discontinuities (cuts in the insulation,
and the physical edge of the rail car) and cannot contribute to the model stiffness as continuous
structures could.

1
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these surfaces constrained
against vertical motion (wood
cribbing under part of tank not
supported by rail car is not
included)

Y4 in bolt in concrete (Hilti anchor
working strength 3500 lbs)

Figure 1. FE model for tank/railcar simulation

2
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The model allows the rail car plate, each layer of insulation, and the tank bottom to separate from
any surfaces that they are initially in contact with.

The pressure load of 3.75 psi is applied to the bottom of the tank, and the inside surface of the
cylindrical shell. The shell is truncated, so it is necessary to include the equilibrating vertical
pressure force from the missing tank portion by applying a vertical force at the cylindrical shell
cut. The weight of the rail car and insulation is not included in the model, as a conservatism,
though the tank weight (appr. 2400 lbs) is reflected by reducing the equilibrating vertical force.

Results

The model was first run with no external constraint on the outer corners of the rail car. The
resulting deformations are shown in Figs. 2 and 3. The unconstrained rail car plate lifts entirely
off one of the “rails,” reacting in its final position with the end of the other rail, the stack of
insulation and wood not supported by the rail car, and the bolt which is anchored to the concrete
floor.

Maximum vertical deflections are over five inches at the rail car corner, and the resulting force
on the concrete anchor bolt is about 2000 Ibs.

The model was then modified to include a constraint at the outer corner of the rail car. The
resulting deformations are shown in Figs. 4 and 5. The rail car plate remains in contact with both
rails, and overall deflections are substantially reduced.

The force required to constrain the corner of the rail car is 2200 Ibs.

Stresses in the tank and support assembly, and compressive stresses in the insulation under the
tank bottom, are shown in Figs. 6 and 7, respectively. The stresses in the tank bottom are low;
the stresses in the cylindrical shell are highest near the cut boundary, which was not simulated
with the intent of accurate stress determination (the shell extends several feet further vertically),
but in any case do not exceed 13 ksi. The insulation stresses are a maximum of -17 psi, which is
less than the Trymer’s maximum compressive stress in that direction of -65 psi.

While constraining the corner will work on one rail car, the constraint for the other car can be
applied no closer than about 34 inches from the corner. Figs. 8 and 9 show the vertical
deformation of all components, and the vertical deformation of the tank bottom only.
Deformations are somewhat higher than those obtained with corner constraints.

The resulting force to constrain this rail car at this location is 3500 Ibs.
Constraining the rail car increases the force on the % in bolts in the concrete. The maximum

occurs for the case of constraint 34 in. from the corner, and is 3400 lbs, which is below the
allowable force of 3500 1bs.

3
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Stresses in the tank and support assembly, and compressive stresses in the insulation, are shown
in Figs. 10 and 11. Tank stresses are somewhat higher than for the corner constraint case, and
insulation compressive stress rises slightly. But both stresses are within the limits of the
materials.

The model was originally intended to be truly symmetric. However, when the inability to reach
one corner of a car was discovered, and the need to perform another analysis with a constraint 34
inches from the corner became clear, the symmetry (now false) was retained for expedience. A
subsequent modification to a full model showed no significant difference in the constraint force
values obtained from the two “symmetric” models.

Figure 2. Vertical Deformation — no constraint on railcar

4
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Figure 3. Vertical deformation of tank bottom — no constraint on railcar

Figure 4. Vertical Deformation — Railcar constrained at corner

5
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6
-0.084843
-0.13652
-0.1882 Min

Figure S. Vertical deformation of tank bottom — railcar constrained at corner

2279.9
1.2514e-14 Min

Figure 6. Stresses in assembly — railcar constrained at corner

6
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Figure 7. Compressive stresses in insulation — railcar constrained at corner

7
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Figure 8. Vertical Deformation — Railcar constrained 34 inches from corner

Figure 9. Vertical Deformation of bottom plate — Railcar constrained 34 inches
from corner

8
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I;' 1
2564.8
1.8682e-10 Min

Figure 10. Stresses in assembly — Railcar constrained 34 inches from corner

-14.333
-16.76
-19.186 Min

Figure 11. Compressive stresses in insulation — Railcar constrained 34 inches
from corner

9
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Structure to Constrain the Rail Cars

The concrete strength of the floor is uncertain, and there are several seams near the rail car
corners and edges. For this reason, it was decided to provide the constraint with a structure which
welds to the flanges of the existing W8x24 platform columns.

A source of concern when placing the vertical reaction on the columns is the quality of the four
5/8 in Hilti concrete anchors which fix the base of a column to the floor. For the rail car
constrained at the corner, the corresponding column has Hiltis which provide the necessary edge
distance (distance from seams) to develop their full strength. The maximum operating load on
these anchors is 2680 Ibs (derated from the catalog load for 4000 psi concrete to correspond to
3500 psi concrete).

For the rail car requiring support 34 inches from the corner, the corresponding column has two
Hilti anchors (those nearest the cart) which are within 4 inches of a concrete seam. Hilti derates
the capacity at a 5 inch edge distance by a factor of 0.8. No derating is given for less than 5
inches. For the purposes of this analysis, it is assumed that working loads of 1000 1bs per anchor
are admissible. The final design of the support, however, should actually allow failure of the two
weak Hiltis, while not overloading the two remaining.

The support for the rail car constrained at the corner is shown in Fig. 12. It is a single 1x6 plate,
welded on one side to each flange of the column. The maximum concrete anchor load is 2540
Ibs, which is less than the maximum working load of 2680 Ibs.

The support for the rail car constrained 34 inches from the corner is shown in Fig. 13. Again, 1x6
in plate is used, but in this case two plates are welded to each side of the column, but only to the
flange furthest from the cart. The plates extend 26 inches beyond the flange, and interact with the
floor. If all anchors remain active, the weak Hiltis are under a load of 560 Ibs, while the full-
strength Hiltis are under a load of 1740 lbs. If the weak anchors fail, the load on the full-strength
Hiltis increases to 2300 Ibs, which is still below the maximum operating load of 2680 Ibs.

10
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maximum Hilti reaction = 2540 lbs

Figure 12. Single 1x6 support for rail car corner constraint

11
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560 Ibs (both sides)

. 1300 Ibs
1740 lbs (both sides)
1300 Ibs

Figure 13. Double 1x6 support for railcar constraint 34 inches from corner

12
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Additional Rail Car Constraints

The maximum calculated vertical deformation of the tank bottom plate when the two outer
corners of the railcars are constrained is approximately 0.37 in (see Fig. 9). To reduce the
deformation further, the remaining accessible corner of each car was also constrained.

To simulate this condition, a full model was created. The resulting bottom plate deformations
from this model are shown in Fig. 14. They have been reduced by a factor of approximately four.

For the railcar with two constraints at the corners, the new corner constraint develops a reaction
of 1300 1bs. For the car constrained 34 inches from the corner, the new corner constraint
develops a reaction of 1600 Ibs. The original corner constraint reactions fall substantially, from
3500 Ibs to 2500 Ibs for the constraint 34 inches from the corner, and from 2200 Ibs to 1800 Ibs
for the car constrained at the corner. This is additional safety margin on the original constraints
(those attached to the columns).

The additional constraints use a vertical load path from the corner down to the concrete (see
Figs. 15). The vertical members are attached to the concrete with a % in Hilti with a maximum
working load 3500 Ibs. This is much greater than the maximum load of 1600 lbs which the most
heavily loaded of these additional constraints may see.

Figure 14. Vertical Deformation of bottom plate — two additional rail
car constraints at corners 13
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additional corner constraint — 1600 lbs reaction

additional corner constraint — 1300 lbs reaction

Figure 15. Additional corner constraints on the rail cars

14
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3152 |bs @— | T—&y3244 Ibs

11290 Ibs

1640 Ibs ”
g 7 3580 Ibs

3580 Ibs 3060 Ibs
Q\ ____/6

3901Ibs .. - 390 Ibs 20321bs - .. 163 Ibs
1220 Ibs i -~ 1220 Ibs -1190 lbs [L==21-450 Ibs

Figure 16: Reactions at threaded tie downs
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Appendix 1. Insulation Properties

Product Information

TRYMER™ 3000 complies with ASTM C591. Grade 2. Type III

TABLE 1
Physical Properties of TRYMER™ 3000 Polyisocyanurate Insulation
Property™ and Test Method” Value Property” and Test Method” Value
Density™, ASTM D1622, Ib/ft* (kg/m*) 3(4R0) Water Absorption, ASTM €272, 24-hr immersion,
Compressive Strength®, ASTM D1621, Ibfin® (kPa) % by volume <0.7
Parallel to rise — thickness £5 (450) Water Vapor Permeability, ASTM E96,
Perpendicular to rise —width 45 (310) perm-nch (ng/Passem) 3 (4.6)
Perpendicular to rise —length 55 (380) Dimensional Stability”, ASTM D2126
Compressive Modulus, ASTM D1621, Ib/in* (kPa) At -40°F (-40°C), 7 days
Parallel to ris2 - thickness 1,200 (8,270) Length, % change 0.2
Perpendicular to rise —width R00 (5,500) Volume, % change H.2
Perpendicular to rise —length 1,200 (8,270) At -10°F (-23°C), 7 days
Shear Strength, ASTM €273, Ibfin® (kPz) Length, % change 0.2
Parallel and perpendicular, avg 25(172) Volume, % change 0.2
- At 158°F (70°C), 7 days
Shear Modulus, ASTM €273, Ib/in? (kP2) Length, % change 1.5
Parallel and perpendicular, avg 375 (2,600) Volime, % change 3.0
Tensile Strength, ASTM D1623, Ib/in? (kPa) At 158°F (70°C)Y97% R.H, 7 days
Parallel to rise ~ thickness 40 (275) Length, % change 1.0
Flexural Strength, ASTM €203, Ib/in? (kPa) Volume, % change 2.4
Parallel to rise 60 (413) At 300 th(‘lf:qﬁ)' 7 days id
n L an .
Flesural Modulus, ASTM C203, Ibfint (kPa) ELFRy S cange
% A Volume, % change 2.0
Perstie) O tlae 1230 §,4%0) Service Temperature®, °F (°C) 297 te +300
3 ure’®, °F (% - +
k-factor, ASTM C518, Btusin/hreft?e®F (W/m«*C) & P 183 0 +149)
G100 SSRGS 01569.027) Suface Buming Characteristics”, ASTM E84 251450 ip &
- — o - ir < «”, /45 0
RValuc%/in., ASTM C518, hreftis“F/Btu (mis*C/W) Hame Spread/Smoke Developed (FS/SD) 6" (15 ¢cm)
Aged 180 days @ 75°F (24°C) 5.3 (0.93) thickness
Closed Cell Content, ASTM D2856, %, min. 95 Color Tan

(1) All properties are measured at 74° (23°C). unless otherwise mdicated.
(2)  Unless otherwise indicated, data shown are typical values obtaned from representative production samples. This data may be used as a guide for design
purposes, but should not be construed as specifications. For property ranges and specifications, consult your ITW representative.

(3)  Average value through insulation cross section.

(4) R meansresistance to heat flow. The higher the R-value, the greater the insulating power.

(5)  Frequent and severs thermal cycling can produce dimensional changes significantly greater than those stated here. Special design consideration must be made

in systems that cycle frequently.

(6)  Above 300°F (149°C), discoloration and charring will occur, resulting in an mcreased k-factor in the discolored area.
(7)  This numerical flame spread data is not intended to reflect hazards presented by this or any other material under actual fire conditions.

For Sales Information: 1-800-231-1024
ITW Insulation Sgstems

1370 East 40
Houston, TX 77022-4104
. www.itwinsulation.com

For Technical Information: 1-800-231-1024

Street, Building 7, Suite 1,
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IV. F. FEA MODEL OF RELIEF VALVE NOZZLE LOAD
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August 26, 2010
LAR Tank Torospherical Head Under Relief Valve Loading
Bob Wands

Introduction and Summary

A relief valve weighing 350 Ibs is attached to a 10 inch nozzle in the LAR tank torospherical
head. The effect of this weight on the head stress and stability was examined to determine
whether an independent support for the valve would be necessary.

The analysis, based on ASME Section VIII procedures, indicates that, if the torospherical head is
under an external pressure of 0.2 psi, the maximum force which could be supported by the nozzle
in question is 1575 Ibs.

Geometry

Fig. 1 shows the vessel, head, and loaded nozzle.
The head thickness is 0.1875 inches. The nozzle thickness is 0.12 inches.

Material Properties

The torospherical head, tank, and nozzle are made of SA-240 SS304 stainless steel, with a
Young's modulus at room temperature of 28.3e6 psi.

Allowable Stresses and Buckling Desiegn Factor

The ASME Code, Section VIII, Div. 1 maximum allowable primary membrane stress for SA-240
SS304 stainless steel is 20 ksi.

From the ASME Code, Section VIII, Div. 2, Part 5, the required buckling design factor for a
linear elastic buckling analysis of a spherical shell is 16.2.

Finite Element Model

The finite element model is shown in Fig. 2. It consists of approximately 15000 4-node shell
elements, with a total of approximately 15000 nodes. Because the several nozzles in the head are
widely separated, only the nozzle in question, and the large central penetration, were included in
the model.
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Two load cases were run:

1. Linear buckling - this analysis procedure requires two runs. The first is a prestress run at some
arbitrary value of the applied loads. The second is the linear buckling run itself. This run uses the
prestressed condition of the first run, and outputs a "load multiplier." This is the factor applied to
all the loads of the preceding prestress analysis to produce buckling. For this analysis, a pressure
equal to 16.2 times the actual external pressure was applied in the prestress run, and the force on
the nozzle increased slowly until the buckling run produced a load factor of 1.

2. Stress - for this load case, the loads were put in at their operational loads of 0.2 psi external
pressure, and 350 lbs of nozzle force. The resulting maximum stress at the nozzle was then
compared to the allowable stress of 20 ksi for primary membrane stress, and the maximum
nozzle load inferred by scaling.

Results
The lowest buckling mode shape for the head and nozzle is shown in Fig. 3.

The maximum force required to produce a load multiplier of 1 when the pressure has already
been multiplied by the buckling design factor of 16.2 is 25530 Ibs. If the pressure and load are
both divided by the buckling design factor, the maximum allowable external pressure becomes
the design external pressure of 0.2 psi, and the maximum allowable force on the nozzle becomes
1575 lbs.

The stresses in the region of the nozzle are shown in Fig. 4. The maximum stress is 2860 psi.
Classifying this stress as primary membrane, with an allowable value of 20 ksi, is very
conservative; the stress is more properly classified as primary local membrane plus bending, with
an allowable value of 30 ksi. Scaling the 350 Ibs relief valve weight by the factor 20000/2860
gives a maximum allowable relief valve weight of 2400 Ibs.

The maximum allowable nozzle load is governed by buckling, and is 1575 lbs. The 350 Ib actual
weight is a factor of 4.5 lower than this.

It can be concluded that the the nozzle and head can safely support the relief valve.

version 9.2.11 - page 100



F.F.— —7.F.
2'-8 %" 28 %
N =r. m

Figure 1. Tank Head and Nozzle Geometry
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Figure 2. Solid Model (top) and Finite Element Mesh
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Figure 3. Mode Shape of Model when Buckled by Nozzle Load

C: Static Structural (ANSYS)
Equivalent Stress

Type: Equivalent {von-Mises) Stress - Top/Bottom
Unit: psi

Time: 1

8/26/2010 11:56 AM

2863.3 Max
2545.4
2227.4
1909.4
1591.4
1273.4
955,38
637,39
319.39
1.3983 Min

Figure 4. Stress at Nozzle under Operational Loads

version 9.2.11 - page 103



B: Linear Buckling (ANSYS) MSYS

Total Deformation m&

Type: Total Deformation
Load Multiplier: 1.0009
Unit: in

Time: 1.0009
8/26/2010 11:19 AM
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IV. G. FEA MODEL OF EMPTY TANK EXTERNAL
PRESSURE TEST
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May 9, 2011
The External Pressure Rating of the LAr Tank
Bob Wands

Introduction and Summary

A commercially manufactured liquid argon vessel was delivered with calculations from the
vendor based on API procedures. These calculations have been found to contain errors. The 0.2
psi external pressure rating for the vessel has been called into question.

The purpose of this analysis is to apply ASME Div. 1 design procedures to the vessel to
determine its external MAWP. In addition, a 3-d FEA is performed from which an ASME Div. 2,
Part 5 analysis of the primary and secondary stresses can be performed.

It is shown that the Div. 1 calculations justify an external MAWP of 0.23 psi, determined by the
thickness of the circular bottom head. The Div. 2 calculations would allow this pressure to reach
0.33 psi, based on the primary membrane plus bending stress in the head near the hold-down
brackets.

All other components have substantially larger external pressure ratings.

Geometry

A solid model was provided based on the vessel drawings. According to the drawings, the
minimum thickness of all shells and heads is 7 gauge, which is 3/16 in, or 0.1875 in. This
thickness is consistent with that used in the solid model, but may not be as large as the thickness
in the actual vessel. No credit is taken for any thickness above 0.1875 inches.

Material Properties and Allowable Stress

Vessel drawings state that the material is SA-240 304 stainless steel. From the ASME Code,
Section II, Part D, Table 1a, the minimum specified yield and ultimate stresses for this material
are 30 ksi and 70 ksi, respectively. When used in a Div. 1 vessel, Table 1a specifies a maximum
allowable stress (when operated at 100 F or below) of 20 ksi.

However, the maximum allowable stress applied in this analysis is limited to 18750 psi, based on
the API standard.

Sizing of Components for External Pressure

The primary vessel components are the flanged and dished torospherical head, cylindrical shell,
and flat circular bottom plate. The external pressure ratings for each of these components can be
determined by Div. 1 calculations.

1
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External MAWP of Torospherical Head

The external MAWP of the torospherical head can be determined by the procedures of Div. 1,
UG-33, “Formed Heads, Pressure on Convex Side.” The procedure has three steps. First, a factor
“A” is established, based on the geometry of the head.

A =0.125/(Ry/t)

where R, = outside radius of crown portion of head = 120 in
t = thickness of head = 0.1875 in

Substituting gives A = 0.000195

Next, this factor allows entry into the charts of Section II, Part D for the specific material, from
which a factor B is found. From Fig. HA-1 (the chart for austenitic steel, 18Cr-8Ni, Type 304), B
=2750.

As the last step, the factor B is used to determine the MAWP from
P, = B/(Ro/t)
Substituting gives P, = 4 psi.
Therefore, the MAWP of the torospherical head is 4 psi based on Div. 1 requirements.

External MAWP of Cylindrical Shell

The external MAWP of the cylindrical shell can be determined by the procedures of Div. 1, UG-
28, “Thickness of Shells and Tubes Under External Pressure.” This procedure is similar to that
used for the torospherical head.

First, a factor A is established. This is done by calculating the ratios L/D, and D/t, where

L =length of shell = 120 in
D = outside diameter of shell = 120 in
t = thickness of shell = 0.1875 in

Therefore, L/D = 1, and D/t = 640. Entering Fig. G of Part II with these values gives A =
0.00008.

Next, the factor B is determined by entering Fig. HA-1 with the calculated value of A. This
gives B=1167.
Finally, the factor B is used to determine the MAWP from

2
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P, = 4B/3(Dy/t)

Substituting gives P, = 2.4 psi.

External MAWP of Flat Circular Bottom Plate

The flat circular bottom plate does not collapse in the same sense that a curve shell collapses.
The calculations for MAWP are stress-based, as opposed to stability-based, and typically apply
to pressure on either side of the head. However, the design of the tank bolts its bottom
circumference to a stiff foundation under the plate, essentially forcing the edge and center of the
plate to remain in the same plane under internal pressure, and making it impossible for the plate
to deflect significantly.

For external pressure, with substantial liquid in the vessel, the plate is also inhibited from
deflecting inward, since doing so would require displacing the fluid upward. However, in
practice, the tank could experience an external pressure with no liquid inventory present.

Therefore, the head must be sized for this case.

The procedures of UG-34, “Unstayed Flat Heads and Covers,” are applied. These procedures
require a factor “C” which is determined by the method of attachment of the head to the shell.

The weld detail at this joint is taken from Drawing YO8-125-1 and reproduced below.

4

b ~ 76"

/

o

Figure 1. Weld between LAr tank cylindrical shell and flat head

The weld of Fig. 1 is shown explicitly in the Code as UG-34(f) (see Fig. 2). For a weld of this
type, the text of UG-34(d) reads “C = 0.33m but not less than 0.20 for circular plates, welded to
the inside of a vessel, and otherwise meeting the requirements for the respective types of welded
vessels.” Therefore, since the bottom plate is circular, a C = 0.2 is justified.

3
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ty = 2t, min. nor less than 1.2t
but need not be greater than t

0.7% 0.7t 0.7ts ¢ Projection
+ 51 beyond weld
I { ‘ is optional
N N4 % . .
rs_f 1 &\\g}?rs tsT § \Continuation r t \\> Bevel is optional
LS {8\t ot [6 a4 000 o
optional
Sketches (e), (f), and (g) circular covers, C = 0.33m, Cyjn. =0.20
(e) (f) (g)

Figure 2. Weld details from Fig. UG-34. Fig. UG-34(f) is
identical to LAr vessel weld

From UG-34(C)(2), the minimum required thickness of an unstayed flat head is found from
t = d*sqrt(CP/SE)

where P = pressure = 0.2 psi
C =factor=0.2
S = maximum allowable stress = 18750 psi
E = efficiency of welds in head = 1 (no welds in head)

Substituting gives t = 0.175 inches. This is slightly less than the available 0.1875 in. actual
thickness.

Adjusting the pressure until t = 0.1875 gives P =0.23 psi.

Therefore, if the actual bottom plate thickness is 0.1875 in, then the external MAWP of the
bottom head, by Div. 1 rules, is 0.23 psi.

4

version 9.2.11 - page 109



External MAWP under Div. 2. Part 5 Rules

A finite element half-model of the vessel was created to calculate the stresses necessary to
evaluate the MAWP of the bottom plate. This model, and its constraints, are shown in Fig. 3.

The analysis was run two ways: First, as a small-displacement problem in which the deflection of
the bottom plate was determined entirely by its bending stiffness, and second, as a large-
displacement problem in which the deflection was also affected by the diaphragm (membrane)
stresses in the bottom plate. The large displacement analysis represents the most realistic
simulation of the vessel bottom plate region under external loads.

The results for displacement of the bottom plate for both analyses are shown in Figs. 4 and 5.
The small displacement analysis, which cannot consider the in-plane diaphragm stresses, has a
maximum displacement of 2.3 in. The large displacement analysis has a maximum displacement
of only 0.67 in.

The results for von Mises stress are shown in Fig. 6 and 7. The stress is significantly lower for
the large displacement solution.

Although the large displacement analysis most closely simulates actual behavior, the Div. 2, Part
5 rules can be applied to the small displacement analysis only. This is primarily because stress
and load are not linearly related in the large displacement analysis, and pressures which would
cause the stresses to reach their limits could also involve buckling modes of the cylindrical shell,
which the stress limits do not address.

To apply Div. 2, Part 5 rules, stress classification lines (SCLs) must be defined through the
relevant sections in the structure. The stresses along these lines are linearized to produce
membrane and bending components. The linearized stresses are compared to the allowables for
the appropriate stress category.

Three SCLs were established in the bottom plate/cylindrical shell region. These are shown in
Fig. 8. The first (A-B) is through the thickness at the center of the plate, and represents a region
of primary membrane and bending stresses. The second (C-D) is in the cylindrical shell just
above the weld at the shell/plate junction, and represents a region of primary local membrane and
secondary stress. The third (E-F) is through the bottom plate in the region of a hold down
bracket, and represents a region of primary membrane and bending stresses.

5
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Figure 3. The FE model used for Div. 2, Part 5 Calculations
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1.3085
1.0468
0.78512
0.52343
0.26173
3.4846e-5 Min

Figure 4. Deflections of Bottom Plate — small deflection analysis

0.37496
0.30057
0.22618
0.15179
0.077397
0.0030069 Min

Figure S. Deflections of Bottom Plate — large deflection analysis

7

version 9.2.11 - page 112



Unit: psi
Time: 1

5/10{2011 7:25 AM

15026
13148
11270
9391.6
7513.3
5634.9
3756.6
1878.3

0.010538 Min

Unit:
Time: 1

5/10{2011 7:21 AM

8032.1 Max
7139.7
6247.2
5354.8
4462.3
3569.8
2677.4
1784.9
892.48

0.026749 Min

16905 Max

——

Figure 6. Stress — small displacement analysis

Figure 7. Stress — large displacement analysis

8
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* SCL 1 (A-B) is through center of bottom plate

¢ SCL2 (C-D) is through cylindrical shell just above weld

* SCL3 (E-F) is through bottom plate at most highly
stressed section near hold down bracket

Figure 8. Stress classification lines (SCLs) in bottom plate/shell

9
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The allowable stresses for the membrane and combined membrane and bending stresses from the
SCLs are detailed in Div. 2, Part 5, 5.2.2.2 — 5.2.2.4. Specifically, if S, = 18750 psi, then

* Primary membrane stress is limited to S,

* Primary membrane plus primary bending is limited to 1.58S,.

* Primary local membrane stress is limited to 1.5S,.

* Primary local membrane plus secondary bending is limited to 3S,.

Table I summarizes stresses across the SCLs for the small deflection analysis, as well as the
allowable stresses, and the inferred MAWP.

Table 1. Results for ASME Section VIIIL, Div. 2, Part 5 Stress
analysis of bottom plate/cylindrical shell

Memb
Bending + Stress Membrane + ;Tn;:lne
i
Membrane | bending stress . . allowable g MAWP -
SCL Stress — psi i classification stress - bsi allowable psi
Model P P stress
primary
A-B 150 10229 membrane 18750 28125 0.55
plus bending
primary local
small membrane +
C-D 422 10588 28125 1.05
deflections secondary 56250
bending
primary
E-F 1622 16950 membrane 18750 28125 0.33
plus bending

Table II summarizes the external pressure ratings of all components under Div 1 rules. The
external pressure rating of the bottom plate per Div. 2, Part 5 rules is also included.

10
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Table II. Summary of External Pressure Ratings of LAr
Tank Components per ASME Code

Component

External MAWP - psi

torospherical head 4
cylindrical shell 24
bottom plate (Div. 1) 0.23
bottom plate (Div. 2) 0.33

Conclusions

The tank shell and heads were evaluated according to the rules of the ASME Code, Section VIII,,
and it was found that the external MAWP of the LAr tank is limited by the thickness of the
bottom plate, and is 0.23 psi (per Div.1) or 0.33 psi (per Div. 2).

The most conservative conclusion is that the external pressure on the tank should be limited in
operation to 0.23 psi. Testing pressure can be raised to the appropriate level (0.23 x 1.25 =0.28

psi for a pneumatic pressure test) without concern.

11
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V. Relief Valve Sizing
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Relief Valve Sizing Version 9.2.11
1/28

Relief Valve Sizing for the LAPD Tank

Several scenarios are considered for both internal and external tank pressurization. At the end of
this section the cases are summarized in a table and compared to the main tank relief valve
capacities.

Fire case

The LAPD tank is located in PC4. PC4 was originally an experimental hall but is now a storage
area. The floor of the enclosure is concrete and the walls are bare metal such that the building
itself does not contribute significant combustible material in the vicinity of the cryogenic tank.
Items in storage do include combustible materials such as wooden crates, cardboard, and signal
cables. There is no hydrocarbon storage in PC4. A fire engulfing the entire LAPD cryogenic tank
is not credible.

Fermilab Sr. Fire Strategist & Researcher Jim Priest flame tested the three key LAPD tank
insulating materials. Jim tested an assembly of the mastic vapor barrier, the foam, and the
fiberglass. The insulation was tested with several flame intensities and exposure times starting
with 10 sec on and 15 sec off and then up to 1 minute plus flame exposures. The materials did
not burn in the presence of the >1700 °F propane flame except for the mastic vapor barrier. The
mastic vapor barrier burned when exposed to intense flame and then self extinguished within 20
seconds when the flame was removed. Video of the flame testing is available here:

http://lartpc-docdb.fnal.gov:8080/cgi-bin/ShowDocument?docid=514

If material such as a wooden storage crate near the tank burns, the tank insulation will stay intact
and limit the heat input.

API 2000 (sixth edition), Venting Atmospheric and Low-Pressure Storage Tanks was chosen as
the standard for sizing the LAPD relief valve for fire. The scope of APl 2000 includes above
ground and underground refrigerated storage tanks designed for operation at pressures from
vacuum through 15 psig (The LAPD tank MAWP is 3 psig). API 620, the standard used to
fabricate the tank, suggests using API 2000 for relief valve sizing. Both CGA S-1.3 and API 520
state that their scope is for MAWPs exceeding 15 psig. API 2000 is very similar to API 520.

The heat input due to fire in the API standards is based upon actual tests of a tank in a pool of
gasoline. The gasoline was continuously replenished and the tests were done on calm days or
with wind barriers to get the highest heat load. This heat input would only be possible in a
refinery or a facility with large amounts of flammable fluids present. Although this type of severe
fire is not possible in PC4, the following analysis shows that the LAPD tank relief valve is
adequate for the heat input of a refinery type fire if insulation credit is taken.

Engineering judgment suggests that it is reasonable to take the insulation credit based upon the
following. The previously mentioned testing shows that the insulation survives exposure to a
1700 °F flame. In addition, the Fermilab Fire Department will be summoned in the event of
smoke. Their typical response time is on the order of a few minutes. Each shift of firefighters will
be walked thru prior to filling the tank with liquid argon to familiarize them with the area and to
train them not to damage the tank insulation with high pressure water.

APl 2000 section 5.2.1.4 addresses the fire condition for refrigerated tanks. Section 5.2.1.4
suggests using section 4.3.3 which contains the requirements for emergency venting capacity of
non-refrigerated tanks subject to fire exposure.

Section 4.3.3 offers the following equation for the required venting capacity, q, expressed in units
of standard cubic feet per hour of air:
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q=3.091 QLF (M) where

Q= the heat input from fire exposure as given by Table 4, expressed in British thermal units
per hour.

F= the environmental factor from Table 9 (credit may be taken for only one environmental
factor).

L= the latent heat of vaporization of the stored liquid at the relieving pressure and

temperature, expressed in British thermal units per pound, 72.48 Btu/lb for for argon
relieving at 18 psia (14.7 psia + 1.1 x 3.0 psi = 18 psia).

T= the absolute temperature of the relieving vapor, expressed in degrees Rankine, 160.7 °R
for argon relieving at 18 psia.

M= is the relative molecular mass of the vapour, 39.948 for argon.

Note to reviewer: APl 2000 uses commas to denote the decimal point and a space as the
thousands separator. Thus one tenth is represented as 0,1 in APl 2000 and one thousand is
represented as 1 000. This documentation does NOT follow that convention.

To determine the heat input from Table 4, the tank wetted surface area, Arys, is required. The
LAPD tank has a diameter D of 10 feet and the cylindrical sides have a height H of 10 feet. For
the fire condition its assumed that the tank bottom and sides are wetted such that the wetted
surface area is

Ay = (Z)xD +axDxH= (4)><102+nx10x10 393 f12.

From Table 4 for wetted surface areas >= 200 and < 1,000 ft?, the heat input Q is calculated from
the following equation

0 =199,300( Apy,s"™).

Thus for the LAPD tank the fire heat input is

Btu

0 =199,300(393"*) =5.86 x 10°—
p

The environmental factor F is explained in Table 9. It is based upon the thermal conductance of
the msulatlon and a temperature differential of 1,600 °F when using a heat input value of 21,000
Btu / (hr x ft? ). Thus if the tank has 1 inch thick insulation with a conductance of 4 BTU x in / (hr x
ft> x °F) the F factor is derived in the following manner:

AT Brux i 1 B
g = KAL 4 Buxin 1 1600 °F - 6,400—2"
L hr x ft*x°F  lin hr x ft’
6400hB”
F- “‘{:’ ~03
21,000 %
hr x ft?
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Such that a 1 inch thick piece of hypothetical insulation reduces the heat input to three tenths of
the bare tank heat input value. For clarity the F factor associated with a 4 inch thick piece of
insulation is also computed.

AT Bruxi 1 B
g =MLy Buxin 1 1600 °F 16002
L hr x ft*x°F 4 in hr x ft’
1600hB”
F= r;tﬁ =0.075.
21,000
hr x ft*

The 4 inch thick piece of insulation reduces the heat input to 0.075 of the bare tank value.

The F factor can be computed directly from the insulation conductance U in the following manner

F=0075xU - 2Mxn

hr x ft"x°F

Brux i 1
Fog 2HXI L 0075-03.

hr x ft*x°F ~ 1in

FNAL drawing #466366 shows the tank insulation scheme. The sides of the tank are covered
with 10 inches of fiberglass and 1 inch of polyurethane modified polyisocyanurate cellular plastic
foam. The tank also sits on 9 inches of this foam. The following table summarizes the tank
insulation.

; Thermal Thermal conductivity

Tank . Thick

Iocg?ion Insulation irl]cChr;eSss conductivity at 75 °F at 300 °F
Btu x in / (hr x f* x °F) Btu x in / (hr x f* x °F)
. Owens Corning

Side 702 Fiberglass 10 0.23 0.41

Side | 1Y/ Trymer 2000 0.75 0.19 n/a
Bottom | 'V Tymer 3000 9 0.19 na

For simplicity the three types of |nsulat|on are modeled as one type of insulation 9 inches thick
with a conductivity of 0.41 Btu x in/(hr x ft? x °F) covering all wetted surfaces. In the event of a
fire the thermal conductivity of the tank insulation would vary strongly as a function of temperature.
Barron’s Cryogenlc Systems lists the apparent thermal conductivity of fiberglass as 0.168 Btu x in
/ (hr x ft? x °F) when used between boundary temperatures of 300 K and 90 K. Owens Corning
lists the conductivity of S|m|Iar fiberglass insulation as 0.54 Btu x in / (hr x ft> x °F) at 500 °F. Thus
the 0.41 Btu x in / (hr x ft? x °F) seems like a reasonable thermal conductivity estimate to use for
the fire case.

The insulation’s effective conductivity is

U=041- 20X 1 o046 B
hrx ft*x°F 9 in. hr x ft*x°F
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The corresponding F factor is then

F=0.075x 0.046$ =0.00345.

hrx ft*x°F

The required venting capacity is found to be

g=3 0915.86x106 x0.00345( 160.7

05
) =1,729 SCFH,, =29 SCFM,,.
7248 39.948

Liquid pump maximum flow

If operational procedures are ignored, it would be possible for the liquid pump to push liquid thru
warm piping and return vapor to the tank which then must be relieved. The worst case is to
assume that the maximum liquid flow that can be produced by the pump must be relieved at room
temperature by the tank relief valve.

The pump maximum flow is 12.5 GPM which is an argon mass flow of

3 .
125 gal 1ft 60m1n 87 Ib _3. 723&

X
min 7 A8 gal 1 hr 1 hr

Equation D.37 from APl 2000 section D.9 allows conversion of this argon mass flow to an
equivalent air flow:

X M, \/?1
%, o
where
X = 379.46 SCF /b x mol
M= 29

Wy= 8,723 Ib/hr
T.r= 519.67 °R
Ti= 519.67 °R

M= 39.948 for argon

Qo = 379 404 \/ \/ Y1967 _ o7 249 SCFH,,, 1,620 SCFM,,.
519.67 1 39.948

Ambient heat leak

LarTPC docdb document 475 estimates the tank heat leak as 2,103 W (7,175 Btu/hr).

http://lartpc-docdb.fnal.gov:8080/cgi-bin/ShowDocument?docid=475
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Using the API 2000 relief valve sizing equation this heat input is equivalent to a free air flow of

g=3.091

7,175( 160.7
72.48\39.948

05
) =614 SCFH,, =10 SCFM ,, .

Compromised insulation

The worst case ambient heat leak scenario is to saturate the insulation with ice. This is an
unlikely scenario because the condenser cannot support the development of such a heat load.
The preceding linked document describing the ambient heat leak estimates the tank surface area
as 501.6 ft>. Barron’s Cryogenic Heat Transfer book estimates the thermal conductivity of ice as
1.09 Btu / (hr x ft x °F). If we assume a 9 inch thick block of ice surrounding the tank the heat
leak delivered to the liquid argon would be

g=FAAT g9 Bt 50162 x 32 =303 o 4a 010 B
L hr x ftx°F 0.75 ft hr

Using the API 2000 relief valve sizing equation 12 this heat input is equivalent to a free air flow of

g=3.091

244,212 ( 160.7
72.48 \39.948

05
) =20,889 SCFH,, =348 SCFM .

Tank shell heaters

The tank has 12 pairs of heaters spaced evenly around the circumference of the cylindrical shell.
These heaters are on the outside of the tank and are under the insulation. Each pair has a
maximum power of 50 W for a total of 600 W or 2,047 Btu/hr.

Using the API 2000 relief valve sizing equation 12 this heat input is equivalent to a free air flow of

0.5
qg=3.091 2,047/ 160.7 =175 SCFHA” =3 SCFMA,R.
72.48\39.948
Condenser

The liquid nitrogen powered condenser can create a vacuum inside the LAPD tank. The following
linked document estimates the condenser power as 8,440 W or 28,798 Btu/hr.

http://lartpc-docdb.fnal.gov:8080/cgi-
bin/RetrieveFile?docid=477&version=2&filename=argon%20overpres%20time%20estimate.pdf

Dividing the available heat rejection by the latent heat and density of argon gas saturated at the
tank MAWP results in the following volumetric rate at which argon vapor is condensed into liquid.

3 3
g q98 B, N T 5, S
hr 7248 Bru 60 min 04363 [b min
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This volumetric flow of cold argon gas must be replaced by a flow of cold air. Multiplying the flow
rate by the density of air at the tank conditions (18 psia, 160.7 °R) and then dividing by the
density of air at standard conditions yields the required flow of free air into the tank.

3 3
152 I w0304 2 I _ 60 5CFM,,.
min f°0.076350b

The author notes that boiling and condensation heat transfer correlations can result in
considerable error even when applied correctly to real world applications. The relief valve has
capacity in excess of 10 times the calculated requirement.

Liquid pump

If the liquid pump is used to empty the tank a vacuum could be created. The liquid volume
discharged at the pump’s maximum rate of 12.5 GPM must be replaced by ambient air at a rate
of:

3 3
s&al Uy e ST
min 7.48 gal min

As in the previous case the flow of cold argon gas is converted to a flow of air at the standard
condition:

3 3
167 1 x03004 0 S

— ___—7S8CFM,,,.
min ft* " 0.076351b AR

Severed Pipe

The largest liquid connection to the tank is a 2 inch SCH 10 pipe. If this pipe was severed a
vacuum could be created in the tank vapor space.

From Crane Technical Paper 410 (2009 printing) equation 6-27 can be used for the discharge of
fluid:

AP
0=235.6d |—
Kp
Q= rate of flow in GPM
d= internal diameter of the pipe, 2.157 inches.

AP = Available pressure drop, psi. The maximum liquid height in the tank is 10 feet such that
the head available is 87 Ib/ft® x 10 ft x 1 ft/144 in®> = 6.04 psi. The maximum vapor
pressure in the tank is 3 psig. Thus the total pressure available at the tank bottom
relative to atmosphere is 9.04 psid.

p= density, 87 Ib/ft for liquid argon.

K= resistance coefficient, unit less. From Crane 410 page A-30 K = 0.78 for an inward
projecting pipe entrance and K = 1.0 for a pipe exit.
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Thus the volumetric flow out of the tank due to a severed pipe that would have to be made up by
air supplied thru the vacuum relief would be

3
0=2356(2.157) | _265 GPM =354 I
(0.78 + 1)87 min

This cold argon vapor flow is equivalent to a free air flow of

3 3
354 I 030048 ]!

— L _140 SCFM .
min 1> 0.076351b AR

Bellows pumps

There is one bellows pump that communicates with the tank (a Senior Aerospace MB-602).
Depending upon the state of valving the pump could pressurize or evacuate the tank. The
pump’s maximum flow is 6 SCFM at 0 psig such that 6 SCFM is used as the maximum
pressurization and evacuation rate.

Vacuum pumps

Several vacuum pumps will be available for evacuation of the argon process piping. If a mistake
is made, these pumps could attempt to pull vacuum on the tank. Two Anest lwata ISP-500C oil-
free scroll vacuum pumps (21.2 CFM) were purchased for this purpose along with 3 smaller
Anest lwata ISP-90C pumps (3.8 CFM). If all five pumps attempted to evacuate the tank, the
required vacuum relief would need to replace up to 54 CFM of cold argon vapor which converts to
a free air equivalent of

3 3
s4 I 03042 I _s1450PM,, .
min 2 0.076350b

Atmospheric Pressure Changes

API 2000 section 5.2.1.2 addresses atmospheric pressure changes. If the pressure in the tank is
equal to the maximum operating pressure, a drop in atmospheric pressure can cause
overpressure from the expansion of vapor in the enclosed vapor space, Vg, and vapor evolved
from the overheat of the liquid, V.. The flow rate due to vapor expansion V,s, expressed in
cubic meters per hour under the actual conditions of the pressure and temperature of the
enclosed vapor space, can be calculated using

V. d
Vic = Lk . WPam where

p dt

Vi = 24.6 m° maximum gaseous capacity of the empty tank, based upon the
manufacturers fabrication drawing which states a volume of 6,506 gallons. This
is a conservative value when liquid is in the tank as the vapor space will be a
small fraction of the total volume.

p= 128,932 Pa, absolute pressure corresponding to the tank MAWP (14.7 psia + 3
psig).
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d,
% = 2,000 Pa/hr, rate of variation of atmospheric pressure suggested by APl 2000 for
t
both rising and falling barometric pressure.
24.6m’ 2000Pa m’
G = X =04—.
128,932 Pa hr hr

The flow rate due to the de-superheating of the liquid, V., is estimated using the methods given
in 5.2.1.3 for the calculation of the fractional proportion of the liquid, Xy, that vaporizes
instantaneously.

C, (T,-T)

X, =1—exp where

Co= 1,215 J/kg-K, specific heat capacity of liquid argon saturated at the tank MAWP.

T, = 88.940 K, boiling point of the liquid argon in the tank after the atmospheric pressure
reduction. This is based on a pressure reduction of 2,000 Pa in one hour.

T, = 89.103 K, boiling point of the liquid argon in the tank saturated at the tank MAWP prior to
the atmospheric pressure drop.

L= 168,742 J/kg, latent heat of vaporization of liquid argon saturated at the tank MAWP.

1,215 (89.103— 88.940)
168,742

=0.001173.

X, =1—exp

The volume of gas created by the pressure reduction of 2,000 Pa in one hour is then

V. = X, X density of LAr x volume of LAr x GAr specific volume =

3

0.001173x 14018 %222 m* x0.1543" = 5.63m’

m kg
The total flow rate V4 due to a reduction in atmospheric pressure is then
3 3 3
m m m
V, =V, +V, =04——+56—=60—.
hr hr hr

This is equivalent to a mass flow rate of

3
60" x6.881 %8 _ 41358 _g1 b

hr ? hr hr

Which then converts to a free air flow (equation D.37) of
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air = 3729 9‘4691\/ 2 S967 014 sCFH,, =17 SCFM,,.

519.67 \39.948

Thus for the largest expected fall in atmospheric pressure the tank will relieve at a rate of 17
SCFM,;. For a rise in atmospheric pressure the liquid in the tank will not flash such that only the
dP/dt fraction is relevant which is about 1 SCFMy;.

Warm Gas Supply

For filter regeneration, contamination injection, and bleed up of evacuated spaces both argon and
nitrogen compressed gas will be available. All sources of gas will have a pressure regulator at
their source. By far the regulator with the largest flow capacity is the Matheson 3201 regulating
the premix regeneration gas. Ignoring all the other system restrictions, it can deliver up to 150
SCFM,;r.

Tank filling

The LAPD tank must be filled following a procedure to ensure vessel safety. The LAPD liquid
argon supply tanker will have its liquid pump locked out and this will be verified by a Fermilab
engineer. Thus the fill rate of the tank will be governed by the vapor pressure in the supply tanker
and the liquid head due to the elevation change between the supply tanker and the tank. The
liquid head of the supply tanker with respect to the tank will be about 28 feet. The following
calculation estimates the differential pressure across the fill line that results in a flow that matches
the relief valve capacity. The fill line is assumed to be single phase liquid argon flow. This is
conservative because ambient heat input and flashing due to pressure reduction will introduce
vapor into the liquid flow which will reduce the mass flow rate. The calculation also assumes that
liquid argon is introduced into a warm and empty tank such that the tank vents room temperature
argon vapor. The 18! segment of the fill line is 1 inch Type K foam insulated copper. The 2
segment would normally involve flow thru the filter vessels and related 1 inch sch 10 stainless
steel purification piping. However it is possible to flow backwards thru the pump and into the
vessel thru the pump suction piping — which is a lower resistance path to the tank. For this path
the resistance of the pump itself and the resistance of the 2 inch sch 10 pump suction piping is
ignored — only the resistance of the inch sch 10 portion is considered.

In a following section the as installed capacity of the relief valve is calculated to be 4,377 SCFM
(262,620 SCFH) of air. Equation D.37 from APl 2000 section D.9 allows conversion of this air
mass flow to an equivalent argon flow:

M .
Wﬂ = QGH” ailr
Mair ];
x| ——air | Zi
T;Jir M
where

gar = As installed relief capacity, 262,620 SCFH of air.

X = 379.46 SCF / Ib x mol
Mai-= 29
Wy;=  mass flow of argon in Ib/hr

T.r= 519.67 °R
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Ti= 519.67 °R

M= 39.948 for argon

W= 262’62290 - 2219 67 23’5542_[9'
379.46\/ \/ : ’
519.67 \ 39.948

Thus the as installed relief valve capacity is 23,554 Ib/hr of argon.

The pressure drop in the liquid argon fill line is calculated using the methods of Crane 410. The 1
inch type K copper portion (ID = 0.995 inches) of the fill line contains 778 inches of straight
length. In addition to the straight length a 36” long 1” diameter corrugated braided flex hose
connects the copper to the stainless steel purification piping. Several corrugated hose vendors
suggest that pressure drop in corrugated hose is roughly 3 times that of equivalent straight piping.
Thus 108 inches of straight length was added to represent the flex hose for a total length of 886
inches or 73.83 ft. The one inch type K copper also contains 3 elbows and one Cryolab ES4
manual valve with a C, of 15.2

The 1 inch sch 10 (ID = 1.097 inches) stainless steel piping from the type K copper connection to
the pump discharge contains 498 inches of straight length. This includes multiplying the length of
the numerous corrugated braided flexible hoses by 3 to account for the increased pressure drop
in corrugated hose. The piping also contains fourteen 90 degree changes in flow direction which
are a combination of elbows and tees for this path. All fourteen are represented as elbows. This
is conservative for this calculation because elbows are less restrictive than flow thru the branch of
a tee. The 1 inch sch 10 stainless piping also contains one Eden Cryogenics globe valve with a
C, of 18 and one Eden Cryogenics Y pattern valve with a C, of 27.

The total resistance of the piping is represented by:

K4lOﬂ/l_CL¢ = num_elbowx_fill_Cu X K_elbow_ﬁll_Cu + K_fill_Cu_pipe + K_pipe_exit + K_ valve_cryolab + K_ valve_eden_Y
+2xK + K

_valve_eden_globe 410_SS_to_Cu
where

UMy, i, = NUMber of elbows in the type K copper, 3.

The resistance of one type K copper elbow is represented by

K ow fill_Cu = 20 x f; T_fill_Cu

where the turbulent fiction factor f, ., ., =0.02281 for the 0.995 inch internal diameter type K
tubing.

The resistance of the straight copper pipe is represented by

L fill_Cu_ft

_ fill_Cu_pipe = ffciﬁfillﬁCu X D
_fill_Cu_ft

K
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where the friction factor is calculated using the Colebrook equation

1 £ 2.51
——=-20 log +
'\lf _ci_fill_Cu 3.71D _fill_Cu_ft Re _fill_Cu \/ f _ci_fill_Cu
and
Lﬁlz,cuz =73.83 ft
Dﬂll,cm =0.08292 ft

¢ is the absolute roughness, estimated as 0.00015 ft using the data on Crane 410 page A-2 for
commercial steel.

The Reynolds number for the copper piping is calculated using

WCAP
Re 4 ¢ =6.31x ——

small_fill_cu X H
where

.yt il Cu = 0.995 inches.

The mass flow rate, WCAP, that matches the relief valve capacity is

WCAP = 23,556&.
hr

u = viscosity of liquid argon calculated by EES at the average pressure (Paerage) between the inlet
and outlet assuming saturated liquid.

The pipe exit into the tank has a resistance of

K

_pipe_exit

=1.0

and the valve Cv’s convert to a K value in the following manner:

4 2
K_ valve_cryolab = 8903 X (dsmall _ﬁll_Cu)/Cv_cr_\*olab
4 2
K_ valve_eden_Y = 8903 X (dsmalljill_Cu )/Cv_eden_Y
4 2
K_ valve_eden_Globe = 8903 X (dsma[l _fill_Cu )/ Cv_eden _globe *

The resistance of the stainless piping, K10 s sss is converted to an equivalent copper tubing
resistance in the following manner:

K41 0_SS to_Cu

-K

410_fitl_ss X

4
(dsmalljill_Cu/dsmalljill_ss) .
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The equivalent length of pipe, L
from

eq fill Cufi for the overall pressure drop calculation is computed

K L_eqjill_Cu_ft

410_fill_Cu = ficiﬁfilLCu D
_fill_Cu_ft

which includes the resistance of the stainless steel piping.
The resistance of the 1 inch sch 10 stainless piping is computed as

K

410_fill_SS

x K + K

= num _Jill_SS._pipe

_elbows_fill_SS _elbow_fill_SS
where

UM ;... a_ss = number of elbows in the stainless piping, 14.
The resistance of one stainless steel butt weld elbow is represented by
K pow fillSS = 20 x f; T_fill_SS

where the turbulent friction factor f, . ¢ =0.02224 for the 1.097 inch internal diameter
stainless pipe.

The resistance of the straight stainless pipe is represented by

L ' fill_SS_ft

_filL_SS_pipe = S fil_ss X D
| fill_SS_fi

K

where the friction factor is calculated using the Colebrook equation

1 £ 2.51
——=-20 log +
'\lf _ci_fill_SS 3.71D _fill_SS_ft Re _fill_SS \/ f _ci_fill_SS
and
Lﬁn,sw =415 ft
Dﬁn,sw =0.09142 ft.

The Reynolds number for the stainless piping is calculated using

WCAP
Re g5 =631 x ———

small_fill_ss X U

where

S

d,ar s ss =1.097 inches.

The pressure drop that corresponds to the relief valve capacity is computed using Crane 410
equation 6-8
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eqfill_Cu_fi X WCAP?

5
rho N g | fill_Cu

3.3591x10° X f i ey X L

DELTAP ., s jine =

where rhoﬁu is the density of saturated liquid in Ib/ft* evaluated at the average of the inlet (Py)

and outlet (P,,) pressures. The outlet pressure P, is taken to be the tank MAWP of 14.4 + 3 x
1.1 = 17.7 psia. The piping inlet pressure is calculated based upon the pressure differential
required to create a flow equal to the relief valve capacity.

Below is a summary of the equations that were solved simultaneously in EES the program is
available in the appendix.

K oo i co =20 X fr 0 =20 0.02281 =0.4562

L. . 73.83
K yenor =f. —SEEL 2 0.02304 x ———— =20.52
_ fill_Cu_pipe ffctﬁﬁllfCu X Dﬁﬁ”icuﬁfr X 008292
WCAP 23,556
Re 4 ¢y =6.31x =631 x —— 00—~ 861,337
- Ay it o X 1 0.995 x 0.1734

1

A\ f,L'iﬁll,Clt

251 1 01 0.00015 251

£
=20 Io + = =-20lo +
37D cs Re o[ f wmer] /002304 37%008292 " 861,337.00.02304

K =890.3 X (dyys s c)/C =890.3x0.995*/15.2* =3.777

_valve_cryolab v_cryolab

K =890.3 X (dyyutr s )/ C een v = 890.3x0.995%/27% =1.197

_valve_eden_Y

K =890.3 X (dyyu 1 ) C eaen gtove = 890.3%0.995/18% =2.693

_valve_eden_Globe

K o guss =20 % fr_ gy g5 =20x0.02224 =0.4447

Lo e 415
K e o =f o x—25550 002251 x ————— =1022
_ fill_SS_pipe ffctﬁﬁllfSS LSSt 009142
1 =220 log e 2.51 1 0.00015 251

+ = =-20 1o +
37Dy ss 5 Re s \/ S cipuss A/0.02251 #83.7x0.09142 781249-/0.02251

! f _fill_SS

WCAP 23,556
Re ;s =631x —————=631x —————— =781,249
B s i ss X U 1.097 x0.1734
Ko sinss = 1M o i ss X K oipon i ss T K gt ss pipe =14 %0.4447+10.22 =16.44

4 4
K10 55 10 cu = Karo s ss % (dsmall jill_Cu/ s jill_ss) =16.44 x (0-995/ 1 -097) =11.13
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= num X K + K + K + K_ valve_cryolab + K_valve_eden_Y

K410jill_Cu
+2xK

_valve_eden_globe

_elbows _ fill _Cu

+ K

_elbow_fill_Cu _ fill_Cu_pipe _pipe_exit

410_SS_to_Cu

Ky mee = 304562+ 2052+ 1.0 + 3.777 + 1.197
+2x2.693 + 11.13=4438

Ko icu * D ey 44.38x0.08292

L
0.02304

eq_fill_Cu_ft

=159.7 ft
f_cijill_Cu

3.3591x10° x f o w cu X L oo st cupp X WCAP?
x d :

small_fill_Cu

DELTAP .\ s jine =

rho gl

3.3591 x 10 x 0.02304 x 159.7 x 23,556 )
DELTAP_tank_fill_line = 81 4 x O 9955 = 8639 pSl

P, =104.1 psia
P,, =17.7 psia
P rage =009 psia

rho ;, and u evaluated for saturated liquid argon at 60.9 psia.

Thus it takes a differential pressure of 86.4 psi to create a mass flow of argon that matches the
relief valve capacity. The 28 ft elevation change provides a liquid head of 87 b/t x 28 ft x 1
ft%/144 in? = 16.92 psi. Thus the liquid argon supply tanker must maintain a vapor pressure of
less than 70 psig during the fill so that the capacity of the relief valve is not exceeded.

Summary of LAPD tank relief valve cases

Required flow
Internal pressure SCFMar
Fire 29
Liquid pump to vapor 1,620
Ambient heat leak 10
Compromised insulation 348
Fill of tank from a 70 psig source 4,377
Tank shell heaters 3
Bellows pump 6
Warm gas supply 150
Atmospheric fall 17
Relief valve capacity as installed 4,377
External pressure
Condenser 60
Liquid pump 7
Bellows pump 6
Severed pipe 140
Atmospheric rise 1
Vacuum pumps (5 total) 214
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| Relief valve capacity as installed | 892 |

The primary relief valve is an Anderson Greenwood 9399C06SSTC dual pilot operated relief
valve which provides both pressure and vacuum relief. For internal pressure its capacity as
installed is 4,377 SCFMar at 10% over its 3 psig set point and 892 SCFMar for the external
pressure case. For vacuum it opens at 0.18 psi external pressure and the flow rating is at the 0.2
psi external pressure vessel rating.

A remote pressure sensing line communicates the tank pressure to the relief valve pilots. Thus
inlet piping pressure drop will not cause the relief valve to close. Due to the nature of the pilot
relief valve, back pressure buildup in the vent will not increase set pressure or cause the valve to
lose lift. However both inlet piping and vent piping pressure drop reduces valve capacity by
reducing the pressure drop available across the relief valve itself. Thus the installed capacity of
the relief valve is calculated for both the internal pressure and external pressure cases. Air is
used for the calculations because the required relief capacities are computed in SCFM of air
equivalent.

Equations for pressure drop in the inlet piping, across the relief valve, and in the vent piping were
solved simultaneously using the Engineering Equation Solver (EES) software to determine the as
installed relief valve capacity and the program is available in the appendix.

Inlet piping pressure drop — internal pressure case

Figure 1 shows the geometry for the internal pressure relief calculation.

Crane 410 version 11/09 equation 1-27 gives the pressure drop for isothermal compressible flow.
Using this equation, the pressure drop in the inlet piping leading up to the relief valve is calculated
as follows:

2 2
W o 14484, (R) -(P)
_ L . p P
eq _inlet 0 0
Linle fci_inle +2ln—
l ' Dinlel 1
w= mass flow of air, Ib/sec, calculated based upon the available pressure drop and the

resistance of the inlet piping, the vent piping, and the relief valve itself.
= gravitational acceleration, 32.174 ft/s”.

Dinet= inlet pipe inner diameter, feet, 7.76 inches for 8 inch OD 0.120 inch wall tubing which is
0.6467 ft.

Ainet= inlet pipe cross sectional area, for 8 inch OD 0.120 inch wall tubing:

T

4 (776%) in® =47.205in* =0.3284 f*.
Py = inlet pressure, psia, equal to the tank maximum pressure of 14.4 + 3 x 1.1 = 17.7 psia.
P;= inlet piping outlet pressure (relief valve inlet pressure), psia, calculated value.
‘7””,” = inlet specific volume of the fluid, 10.88 ft*/Ib for air at 60 °F and 17.7 psia.
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¢ = computed using the Colebrook equation which is Crane 410 equation 1-20

ci_inlet

1 2.51
=-2.0 log £

—_—= +
\j fci_ inlet 3 7D inlet Re _inlet \/fci_ inlet

where

= the absolute roughness, estimated as 0.00015 ft using the data on Crane 410 page A-24
for commercial steel.

= the Reynolds number Re is computed using Crane 410 equation 6-3.

e _inlet

w
Re inlet = 631
- dinlettu“
W= mass flow of air, Ib/hr, calculated based upon the available pressure drop and the

resistance of the inlet piping, the vent piping, and the relief valve itself.

dinet = inlet pipe internal diameter, 7.76 inches.

u= absolute (dynamic) viscosity of air, 0.018035 centipoise at 60 °F.
L..m« = Equivalent length of pipe in ft, calculated using the methods of Crane 410 — see below
calculations.

The path to the relief valve has 4.32 feet, L6, Of straight pipe. In addition to the resistance of the
straight pipe, the inward projecting entrance has a resistance value of K= 0.78. Thus the total
resistance between the vessel and the relief valve is computed as

L. B 4.32 ft 3
K yoimier =078+ foi s D, =0.78+0.01513 TG 0.881.
12"
ft
The equivalent length of straight pipe is then calculated as follows:
0.881 x 7'761.;”
12—
K, D.
L@ et = 410inlet ™ inlet = ft = 3773ft
- i _inter 001513
w 20,051
R, ... =631 =6.31 =904,022
- d,,.u 7.76 x 0.018035

version 9.2.11 - page 133



Relief Valve Sizing Version 9.2.11
17/28

L 0qed & . 251 I 10( 000015 2.51
S e 837D e R, iur[fo ) /00151 H37x06467 " 904,022:/0.0151
2 2

o 1444, (R) -(R) | _

_ L, . P P

Vin et fci inlet e +21n0) ’

ti ( - Dinler 1
- 144 x 32.17 x 0.3284° (17.7)2—(17.388)2].
o 37.73 17.

10.88(0.0151 LT3 o 7 ) 17.7
0.6467 17.388

Thus the inlet piping pressure drop is 0.312 psi.

Relief valve pressure drop — internal pressure case

The Anderson Greenwood Low Pressure POPRV Catalog gives the relationship between the
relief valve orifice area and the volumetric flow rate as

_ 4645K,PFA

NMTZ

The subsonic flow factor, F, based on the ratio of specific heats and pressure drop across the
valve is defined as

k+l
i k
B

The subsonic valve coefficient, K, is define as

2
k

o |k (P
k-1|\ P

p -0349
K, - 0.650(—2) .
P

1

V= Gas flow capacity expressed in SCFMy; at 14.7 psia and 60 °F.

A= Relief valve orifice area, 28.89 in?, for a 6 inch 9300 series pilot relief valve.
M= Molecular weight of the flowing gas, 29 for air.

T= Absolute relieving temperature, 519.67 Rankine.

Z= Compressibility factor, Z = 1.
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P;= Relief valve inlet pressure, psia, equal to the inlet piping outlet pressure.
P, = Relief valve outlet pressure, psia, equal to the vent piping inlet pressure.
k= Ratio of the specific heats of gas, 1.4 for air.

p\"" 15.085) %%
K, =0650-2|  =0.650[- ) ~0.683
P 17.388
2 ket ] 2 I
o |k (R (R ] |14 (15.085)1.4_(15.085) EN PO
-1\ P P 14-1\17.388 17.388

_ 4645K,RFA _ 4645 x0.683 x 17.388 x 0.3371x 28.89 _ 4377SCFM,,
A MTZ 129 x519.67 x 1

Thus the pressure drop across the relief valve is 2.303 psi.

The specific volume of air at 14.7 psia and 60 °F is 13.0968 ft¥/lb. Thus, as a check, the air flow
converts to the mass flow w of

3 .
4,377ft N b . 1min =5‘57£‘
min 13.0968 ft* 60sec sec

Vent piping pressure drop— internal pressure case

Again utilizing the equation for isothermal compressible flow, the pressure drop in the vent piping
leading up to the relief valve is calculated as follows:

2 2

W2 - 144gAvem‘2 (Plp) B (Pzp)

_ L P P

‘/lvent fCL vent e + 21nl v

Dvent 2p

w= mass flow of air, Ib/sec, calculated based upon the available pressure drop and the

resistance of the inlet piping, the vent piping, and the relief valve itself.
g= gravitational acceleration, 32.174 ft/s”.

D,ent= vent pipe inner diameter, feet, 8.329 inches for 8 inch SCH 10 pipe which is 0.6941 ft.

Avent= vent pipe cross sectional area, for 8 inch SCH 10 pipe:
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%(8.3292) in® =54.4848 in® = 0.3784 fi’.

P, = ventinlet pressure, psia, equal to the calculated relief valve outlet pressure (P,) of 15.085
psia.
P2 = vent outlet pressure, psia, equal to an atmospheric pressure of 14.4 psia.

Vivew = Vventinlet fluid specific volume, 12.76 ft/Ib for air at 60 °F and 15.085 psia.

fon= computed using the Colebrook equation
1 £ 2.51
——==-2.0 log +
fci_vent 3~7Dvenr Re_vent fci_venr
where
= the absolute roughness, estimated as 0.00015 ft using the data on Crane 410 page A-24

for commercial steel.

= the Reynolds number R, is computed using Crane 410 equation 6-3.

e _vent

w
dvent ILL

=6.31

e_vent

W= mass flow of air, Ib/hr, calculated based upon the available pressure drop and the
resistance of the inlet piping, the vent piping, and the relief valve itself.

dvent = vent pipe internal diameter, 8.329 inches.

u= absolute (dynamic) viscosity of air, 0.018035 centipoise at 60 °F.
L. = Equivalent length of pipe in ft, calculated using the methods of Crane 410 — see below
calculations.

The path from the relief valve to atmosphere has 8 feet, L,.n, Of straight pipe. In addition to the
resistance of the straight pipe there are five elbows. Each elbow is an 8 inch SCH 10 long radius
elbow which has a r/d of 1.44. Thus the K value for one bend is 14 x fr from page A-30 of Crane
410. fris the friction factor in the zone of complete turbulence which is equal to 0.01396 for clean
commercial steel pipe with an inside diameter of 8.329 inches according to the plot on page A-26
of Crane 410. In addition to the resistance of the straight pipe and elbows, the pipe exit has a
resistance value of K = 1.0. Thus the total resistance between the vessel and the relief valve is
computed as

Lve}’lf 8ﬁ

K, ovem = fa,vemm” x14f, .. +10= 0.0150m+5 x14 x0.01396 +1.0 =2.15.
12i—n
ft

The equivalent length of straight pipe is then calculated as follows:
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515 x 8.32?’1111
12—
K D

o vem = 410vent — vent = ﬁ =9949ﬂ

- fci?venr 0015
2 1

R . =631-" _631 0,05 = 842,280
- d. u 8.329 x 0.018035

20/28

2.51

1 £ 251 1 0.00015
=-2.0 log + = =-2.0 log + —_—
\ fciivem‘ 3 ~7Dvem Reivent '\/fciivent \/0 015 3 7 X 06941 842’280’\ 0015
2 2

w2 - 144gAven12 (l)lp) B (Pzp) =

_ L P P

‘/lv'm fci vent a-rent + Zlnl v

¢ B Dvent P2p

144 x 32.17 x 0.3784°
99.48 15.085
+2In
0.6941 14.400

557% = (15.085) _(14_4)2].

71 15.085

12.76(0.015

Thus the vent pressure drop is 0.685 psi.

The installed internal pressure relief capacity of the relief valve is 4,377 SCFM,;,.

The as installed relief valve capacity for the vacuum case is calculated in the same manner

except that the flow is reversed.

Vent piping pressure drop — external pressure case

Figure 2 shows the geometry for the internal pressure relief calculation.

For the external pressure case, the vent piping becomes the inlet piping. Utilizing the equation
for isothermal compressible flow, the pressure drop in the vent piping leading up to the relief

valve is calculated as follows:

2 2
W2 — 144gAvem‘2 (Plp) _(PZp)
_ L P P
‘/lvent fc‘i, vent -t + 21nl Ip
Dvent 2p
w= mass flow of air, Ib/sec, calculated based upon the available pressure drop and the

resistance of the inlet piping, the vent piping, and the relief valve itself.
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21/28
= gravitational acceleration, 32.174 ft/s”.
D,ent= vent pipe inner diameter, feet, 8.329 inches for 8 inch SCH 10 pipe which is 0.6941 ft.
Avent= vent pipe cross sectional area, for 8 inch SCH 10 pipe:
JT 2 . 2 . 2 2
2(8.329 ) in® =544848 in” =0.3784 ft°.
P, = ventoutlet pressure, psia, equal to the calculated relief valve inlet pressure (P,) of 14.374
psia.
P2 = ventinlet pressure, psia, equal to an atmospheric pressure of 14.40 psia.
_lvent = vent inlet fluid specific volume, 13.37 ft*/Ib for air at 60 °F and 14.40 psia.
fon= computed using the Colebrook equation
1 £ 2.51
——=-2.0 log +
\j fci_ vent 3 ~7Dvenr Re_vent fci_venr
where
= the absolute roughness, estimated as 0.00015 ft using the data on Crane 410 page A-24
for commercial steel.
. ..~ the Reynolds number R, is computed using Crane 410 equation 6-3.
w
e_vent = 631
- dventtLL
W= mass flow of air, Ib/hr, calculated based upon the available pressure drop and the
resistance of the inlet piping, the vent piping, and the relief valve itself.
dvent = vent pipe internal diameter, 8.329 inches.
u= absolute (dynamic) viscosity of air, 0.018035 centipoise at 60 °F.
L. = Equivalent length of pipe in ft, calculated using the methods of Crane 410 — see below
calculations.

The path from atmosphere to the relief valve inlet has 8 feet, L, Of straight pipe. In addition to
the resistance of the straight pipe there are five elbows. Each elbow is an 8 inch SCH 10 long
radius elbow which has a r/d of 1.44. Thus the K value for one bend is 14 x fr from page A-30 of
Crane 410. fris the friction factor in the zone of complete turbulence which is equal to 0.01396
for clean commercial steel pipe with an inside diameter of 8.329 inches according to the plot on
page A-26 of Crane 410. In addition to the resistance of the straight pipe and elbows, the pipe
entrance has a resistance value of K= 0.78. Thus the total resistance between the vessel and
the relief valve is computed as
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Lvem — 8ft _
Ky ioven = Foi vent D_, +5x14f, .., +0.78=00176 2320in " 5x%x14x0.01396+0.78 =1.96.
122
ft
The equivalent length of straight pipe is then calculated as follows:
329
1.96 x 81.9,1’”
12—
K D
Le ot = 410vent— vent = ft - 7744ﬂ
- St vent 0.01756
w 4,087
R, .. =631 =6.31 =171,659
- d,. .u 8.329 x 0.018035
1 20 lod £ . 251 _ 1 201 ( 0.00015 .\ 251
S 3D R i) 001756 #3.7x0.6941 T 171,659+/0.01756
2 2
w2 - 144gAvent2 (PZP) B (Plp) -
_ L P P,
‘/lvem fCi vent e + 21n£ 21
L B Dvent 1p
| 1352 144 x 32.17 x 0.3784> (14.400)" - (14.374)’ ]
ST 77.44 14.400
13.370.01756 +2In 14.400
0.6941 13.374

Thus the vent pressure drop is 0.02552 psi for the external pressure case where the vent acts as
the inlet piping to the relief valve.

Relief valve pressure drop — external pressure case

The Anderson Greenwood Low Pressure POPRV Catalog gives the relationship between the
relief valve orifice area and the volumetric flow rate as
V= 4645K ,PFA

NMTZ

The subsonic flow factor, F, based on the ratio of specific heats and pressure drop across the
valve is defined as
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For vacuum relief the subsonic valve coefficient K;is defined as

K, =0.55.
V= Gas flow capacity expressed in SCFMy; at 14.7 psia and 60 °F.
A= Relief valve orifice area, 28.89 in?, for a 6 inch 9300 series pilot relief valve.
M= Molecular weight of the flowing gas, 29 for air.
T= Absolute relieving temperature, 519.67 Rankine.
Z= Compressibility factor, Z = 1.
P;= Relief valve outlet pressure for vacuum relief, psia, equal to the inlet piping outlet
pressure.
P, = Relief valve inlet pressure for vacuum relief, psia, equal to the vent piping outlet pressure.
k= Ratio of the specific heats of gas, 1.4 for air.
2 el 2 1441
. L(ﬂ"_ ﬂ)k _ | 14 (14.22)1.4_(14.22)1.4 0103
k-1|\ P, P, 14-1|\14.374 14.374

_ A6ASK,PFA | 4645x0.55x 14374 x0.1032 x 2889 _ o0 oy
\NMTZ V29 x 519.67 x 1

Thus the pressure drop across the relief valve is 0.1549 psi.

The specific volume of air at 14.7 psia and 60 °F is 13.0968 ft¥/lb. Thus, as a check, the air flow
converts to the mass flow w of

3 .
892.ft y b . Imin =1.135£‘
min  13.0968ft" 60sec sec

Inlet piping pressure drop — external pressure case

Using isothermal compressible equation, the pressure drop in the inlet piping leading up to the
relief valve is calculated as follows:
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2 2 2
w? = 14484, (R) -(p)
vV L inle P P
‘/linlet fci inlet 1l +21n71 !
- Dinlel 0
w= mass flow of air, Ib/sec, calculated based upon the available pressure drop and the

resistance of the inlet piping, the vent piping, and the relief valve itself.
= gravitational acceleration, 32.174 ft/s”.

Dinet= inlet pipe inner diameter, feet, 7.76 inches for 8 inch OD 0.120 inch wall tubing which is
0.6467 ft.

Ainet= inlet pipe cross sectional area, for 8 inch OD 0.120 inch wall tubing:

T

7 (776) in® = 47.295in* = 03284 f1*.

Py = inlet piping outlet pressure, psia, equal to the tank maximum pressure below ambient of
14.4 - 0.2 = 14.2 psia.

P;= inlet piping inlet pressure (relief valve outlet pressure during vacuum relief), psia,
calculated value.

inlet specific volume of the fluid, 13.54 ft¥/Ib for air at 60 °F and 14.22 psia.

linlet ~

7, ...= computed using the Colebrook equation which is Crane 410 equation 1-20

1 £ 251

——  — 20 1log—— +
\j fci_ inlet 3 7D inlet Re _inlet \/fci_ inlet

where

= the absolute roughness, estimated as 0.00015 ft using the data on Crane 410 page A-24
for commercial steel.

= the Reynolds number Re is computed using Crane 410 equation 6-3.

e _inlet

w
Re inlet = 631
- dinlettu
W= mass flow of air, Ib/hr, calculated based upon the available pressure drop and the

resistance of the inlet piping, the vent piping, and the relief valve itself.

dinet = inlet pipe internal diameter, 7.76 inches.

u= absolute (dynamic) viscosity of air, 0.018035 centipoise at 60 °F.
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L

calculations.
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«we = Equivalent length of pipe in ft, calculated using the methods of Crane 410 — see below

The path from relief valve and back into the tank has 4.32 feet, L;ye, Of straight pipe. In addition
to the resistance of the straight pipe, during vacuum relief a pipe exit resistance of k = 1.0 applies.

Thus the total resistance between the vessel and the relief valve is computed as

L 432t

K yoimer =10+ foi e Dl:,l:, =10+ 0.01749m =1.117
12"
Jt
The equivalent length of straight pipe is then calculated as follows:
1.117 x 7'761.:"‘
12—
K, D.
L@ et = 410inlet ™ inlet = ft - 413ft
- i _inter 0.01749
4,087
R, ... =631 =6.31 =184,246
- d,.u 7.76 x 0.018035
1 =20 loo £ . 2.51 _ 1 _ 201 ( 0.00015 . 2.51
N Y08 3.7D inter Rg,mmv foi inter ~/0.01749 & 3.7x0.6467 184,264+/0.01749
2 2
o 1444, (R) -(R) | _
_ L P P
‘/l‘lt fci inletM-'-zlnil :
e B Dinler PO
) 144 x 32.17 x 0.3284> (14.220)" - (14.200)" |.
11357 = 413 14220 1422
13.54(0.0151 —— 4+ 2In— ) ’
0.6467 14.200

Thus the inlet piping pressure drop is 0.01956 psi.

The installed vacuum relief capacity of the relief valve is 892 SCFM.;,.

version 9.2.11 - page 142



Relief Valve Sizing Version 9.2.11
26/28

Py, = 14.4 psia
Fermilab atmospheric pressure

5" elbow not shown

> ¥ P, = 15.085 psia
calculated )

P, =17.388 psia
" calculated

Po=14.4+3x1.1=17.7 psia
maximum tank internal pressure

a0

Relief valve capacity calculated as 4,377 SCFMur
(A reduction from the name plate capacity of 5,271 SCFMar)

Figure 1: Relief valve parameters for determining internal pressure capacity as installed.
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P3, = 14.4 psia
Fermilab atmospheric pressure

5" elbow not shown

< P, = 14.374 psia
calculated

P, = 14.220 psia

calculated
e
\’\ -
-\‘\}‘:‘
Py = 14.2 psia

maximum tank internal pressure

=
=

Relief valve capacity calculated as 892 SCFMar
(A reduction from the name plate capacity of 1,018 SCFMaR)

Figure 2: Relief valve parameters for determining external pressure capacity as installed.
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Over filling of the tank

The tank is rated for an internal pressure of 3 psig in the vapor space while full of liquid argon.
Thus the pressure at the base of the tank under 10 ft. of liquid head could be as high as 3 psi +
10 ft x 87 Ib / ft"3 x 1 ft*2 / 144 in?2 = 9 psi. The liquid head pressure in the tank is solely
determined by the height of liquid in the tank. If the tank was overfilled and liquid argon filled a
vent pipe to an elevation above the tank, the tank pressure rating could then be exceeded. This
scenario is independent of the supply tanker elevation. A tank level supply trailer using vapor
pressure to push liquid into the LAPD tank could overfill the tank and create a build up of liquid
argon in a vent line at an elevation higher than the tank.

The liquid argon supplier will deliver a trailer of liquid argon to the site and the trailer will then be

placed solely under Fermilab control. The filling of the tank will be administratively controlled by
procedure to ensure the tank is not over filled.

Piping attached to the tank

The tank manufacturer provided pipe stubs welded to the tank wall along with reinforcing pads.
To these pipe stubs the vacuum jacketed argon process piping was welded. Both the vacuum
jacket and argon piping contain braided flexible hoses to allow for movement between the tank
and piping. The vacuum jacket braided flexible hoses are restrained with threaded rods because
the braided hoses shrink under external pressure and the associated pressure thrust forces for
the 3” and 5” diameter vacuum jacket hoses are substantial. The threaded rods resist buckling
but still allow for lateral movement. Annotated drawings of the piping attached to the tank are
attached.

Acceptable nozzle loading

The pilot relief valve mounted on the LAPD tank weighs 246 pounds. Bob Wands performed a
FEA analysis to determine the maximum acceptable vertical loading of this nozzle and found it to
be 1,575 pounds. The analysis is attached. This is the heaviest load that will be applied to any
nozzle.
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TVC Midwest Region

Tyco Valves 554 Territorial Drive QUOTE
& Controls, LP Bolingbrook, IL 60440
4 (630) 343-3333 Fax (630) 343-3334
Date: 03/19/10 Reference: Page 1 of 1

Quoted by: Don Pratl

FERMI LABS E-mail: dpratl@tycovalves.com

Tyco Territory Manager: Trevor Hansen

e-mail: thansen@tycovalves.com
TERRY TOPE QUOTATION #
Ph: (630)840-2666/ Fax: 630-840-3694 ' 8103217-01
DAYS TODELIVERARO |~ VALIDUNTIL | - PAYMENT TERMS - 'SHIPPING TERMS C U FREIGHT
Net 30 Days Bestway PPA
ITEM] QTy. - DESCRIPTION =

EE TR T LR SRRk Rk kR Rk

SHIPMENT: 16 WEEKS ARO

TERMS: NET 30 DAYS

FREIGHT: PPA

F.0.B.: STAFFORD, TX

VALIDITY: 30 DAYS FROM QUOTATION DATE
hhkkhkhkkkhkhhkhkhrhrrhkhhkhhkrkhdkkrkhkhkx
9399C06SSTC

6 X 8 AG 9399C DUAL PILOT OPERATED PRESSURE
& VACUUM RELIEF VALVE

BODY: 316SS

INTERNALS: 316SS

PILOT: 316SS

DIAPHRAGM: TEFLON

SOFT GOODS: TEFLON

PRESSURE SET: 3 PSIG

VACUUM SET: .18 PSIG

CAPACITY PRESSURE: 5271 SCFM @ 60F
CAPACITY VACUUM: 1018 SCFM @ 60F
ACCESSORIES: NONE

TAGH# PRV001

Lines Total

17460.00

Total
Order Total

17460.00

17460.00
17460.00

Tyco Valves & Controls Canada Inc.'s standard sales terms, conditions and warranty shall apply unless modified above. These terms and conditions
form part of this Quote and shall supersede any inconsistent terms and conditions between Tyco Valves & Controls Canada Inc. and the Buyer.

Last Page

ALL DELIVERIES STATED ARE SUBJECT TO PRIOR SALE.
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Tyco Valves & Controls Pressure Relief Valve Sizing & Selection Report
% _ gﬁ 554 Territorial Drive
Flow Control Bolingbrook, IL 60440
630-343-3333
dpratl@tycovalves.com
Quote Number:
Client: TVC, Boilingbrook
Location: End-User Ref. No.:
Project: FERMI LAB Project Ref. No.:

1 ~‘

2 Tag No.[PRV001 42| Design Code Sizing Std.JAPI2000
3 | Service 43] Sizing Basis :
4] PID No. 44 Fluid State at Inlet Gas / Vapor
5 Line No. ; Quantity |45] Relieving Case Pressure & Vacuum Relief
6 | 1 46 |Fluid Properties = S

7 / v = Fluid Name Argon
1 8 | Valve Type Pilot-Operated Pressure & Vacuum 48 ? Mol. Wt., M Comp., Z 39.95000 1.00000
9 Safety / Relief|Safety | Balanced|Yes 49 Bk (Cp/Cv) Fs 1.67000 0.391
10 Nozzle|Full _ Bonnet|Closed s0| ~ Fluid Name ~ Argon

IONS | |51 fsg ~ Mol. Wt,M  Comp.,Z 39.95000  1.00000
12 ngd. 150# RF Standard |52 : k (Cp/Cv) Fs k '1.67000 0.115
Fingd. 150# 3[Sizing Coefficients. G Unit -

14] 0 JICTION 4 K,Gas  Kd, Gas 0.628 0.698
15 MAIN Body/Base | SS SA351-C 55| Kb ' Ke '
16|  VALVE Cap / Case SS A240-304/316 (Single) |62| Vacuum K, Gas 0.495

17 Trim Nozzle SST(LP) 316 SST |57 |Required Capacity Unit I SCFM
18] Seat Soft Goods FEP (Film) Teflon® |58| } Pressure Vacuum 1622 64
19| PILOT VALVES Pressure Pilot Vacuum Pilot 59 |Pressures - .

201  Body SS A479-316/316L SS A479-316/316L. [60| Unit Operating
21]  seat Teflon®  Teflon® B AEG MAWY V

22| Diaphragms Teflon® Teflon® 629 Atmospheric (Barometric) 14,696 psia
23] Soft Goods ; Teflon® Tef/on@ 63 Unit I Set psig 3
| 24] Spring 316 SST 316 SST 64 Over Pressure 0.3 10%
25|  Tubing Fittings ] 316 SST 316 SST CPI 65 o Constant Superimposed 0
26| & Remo!e Sense Connection l N 66| % Back Variable Superimposed 0

27 67| & Pressure Built-Up 0
28] 68| ™ Total 0
29] E Inlet Loss 0 L 0%
E = N 70 Flowing Pressure 17.996 psia
131]  Vaive Model No. 9399C06SSTC |71 :EJ Unit I Set psig 0.18
32 Brand Anderson Greenwood 7213 Under Pressure 0.018 10%
33| Area I in? Calculated Selected Valve |73 |5 Flowing Pressure 14.696 psia
34 Pressure Case 5.631 28.89 74 \Temperatures unit | °F
35 Vacuum Case 1.169 28.89 75 , Operating ; ;

36| Flow l SCFM Required Maximum / Valve |76 Relieving - Pressure Case -303.07
37] Pressure Case 1622 ; 8321.838 77 Relieving - Vacuum Case -303.07
38 Vacuum Case 64 1582.074 78] | Design Min Design Max

39| Pressure Nameplate 5271 SCFM, Air @ 60°F, 14.7 psia {79 Estimated Reaction Force
40| Vacuum Nameplate 1018 SCFM, Air @ 60°F, 14.7 psia 80 Estimated Noise Level (db) 71.9 at 100-ft
Printed On: 11-May-2010 TYCO PRV3SIZE Software Version 2.0.3728.17257 | Sheet 1 of 5 ]
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Flow Control

Tyco Valves & Controls
554 Territorial Drive

Bolingbrook, IL 60440
630-343-3333
dprati@tycovalves.com

Pressure Relief Valve Calculation Report

Quote Number:

Client; TVC, Boilingbrook

Location:
Project: FERMI LAB

Tag No|PRVO0OT

End-User Ref. No.:
Project Ref. No.:

Design Code

Sizing Std.}API2000

3 Valve Model No.|9399C06SSTC Qty. Fluid State at Inlet Gas / Vapor
Pressure = : - o -
Inputs:
Name Symbol Input Value Equation Value
k, (Cp/Cv) k 1.67000 1.67000
Atm. Pressure Patm 14.696 psia 14.696 psia
Set Pressure Pset 3 psig 3 psig
Over Pressure Pover 0.3 psig 0.3 psig
Iniet Loss Ploss 0 psig 0 psig
Total Back Pressure Pback 0 pSig 0 psig
Relieving Pressure P1 17.996 psia 17.996 psia
Outlet Pressure P2 14.696 psia 14.696 psia
Transition to Full Open Tp 0.65 0.65
Shape Factor E -0.349 -0.349
Molecular Weight M 39.95000 39.95000
Relieving Temperature T -303.07 °F 156.600000 °R
Compressibility z 1.00000 1.00000
Orifice Area A 28.89in? 28.89 in?
Kd Kd 0.698 0.698
Fs Fs 0.391 0.391
Required Pressure Flow Vreq 1622 SCFM 97320.000 SCFH
Pressure Flow Capacity \% 8321.838 SCFM 499310.29 SCFH
Press. Ratio PR 0.817 0.817
Flow Capacity w 52564.583 Ib/hr 52564.583 Ib/hr
Distance from Valve r 100 ft 100 ft
Calculations:
Gas Constant Calculation

-C=3779

Pressures Calculation for Gas / Steam Service
Pim Poer™ Porzn™ Press™ Paru
Pi= Pooe ¥ Pore

- P1=17.996 psia
- P2 =14.696 psia

Absolute Pressure Ratio

o P -PR=0.817
PR = 2
Py
Theoretical Pressure Ratio
n el -TPR = 0.487
TPR =| —
£+1
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Subsonic Flow Factor
{ z P -Fs =0.391
ey (R yE
F.= = - =
- i:-zH?; P
F # W LI f
L 4
Theoretical Pressure Ratio
N p-1 - TPR = 0.487
TPR =
k+1
Absolute Pressure Ratio
£ -PR=0.817
PR = 2
F
Flow Coefficient for ALP Product Line
- Kd =0.698
-V =499310.29 SCFH
=8321.838 SCFM

K, =Ky

X=PFPR
Calculated Volumetric Flow for Sub-Critical Gas/Vapor

_ 278700K, AR F,

F=
NMTZ

7

- Areq = 5.631 in?

-L100=71.9db

Required Orifice Area from Max. Volumetric Flow

Ve

4

WkT

Af

o,
N,
t

Noise Level @ 100-ft for 1/PR <= 2.859
B 1 8 1o
Lo = |87 05l0g )| = | +14.09| + |10log | 0.29354
-Lp=719db

Noise Level @ Distances Other Than 100-ft
F ;
)

Ly =Ly, —20logy (100
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Vacuum
Inputs:
Name Symbol Input Value Equation Value
k, (Cp/ Cv) k 1.67000 1.67000
Atm. Pressure Patm 14.696 psia 14.696 psia
Set Vacuum Vset 0.18 psig 0.18 psig
Under Pressure Vover 0.018 psig 0.018 psig
Relieving Pressure P1 14.696 psia 14.696 psia
Outlet Pressure P2 14.498 psia 14.498 psia
Kmax Kmax 0.55 0.55
Molecular Weight M 39.95000 39.95000
Relieving Temperature T -303.07 °F 166.600000 °R
Compressibility 4 1.00000 1.00000
Orifice Area A 28.89 in? 28.89 in?
Kd Kd 0.55 0.55
Fs Fs 0.115 0.115
Required Vacuum Flow Vreq 64 SCFM 3840.000 SCFH
VVacuum Flow Capacity \Y 1582.074 SCFM 94924.435 SCFH
Calculations:
Gas Constant Calculation
-C=377.9
Pressures Calculation for Gas / Steam Service
P = 1{) - P1=14.696 psia
1 4 4T - P2 = 14.498 psia
P.m P ViV orse
Absolute Pressure Ratio
‘ P -PR=0.987
PR = _1
Py
Theoretical Pressure Ratio
5 Ol -TPR =0.487
TPR =
kE+1
Subsonic Flow Factor
= = 1 -Fs=0.115
E Py v PR
i Pl b e
i“‘: = | j L ¢ ‘i, - !
% S Rl E
Flow Coefficient for ALP Product Line
- T -Kd=0.55
Ki =Ky
Calculated Volumetric Flow for Sub-Critical Gas/Vapor
ITLHIOE . A4 -V = 94924435 SCFH
== §i mﬁa’ jéPiF: = 1582.074 SCFM
JMTZ
Required Orifice Area from Max. Volumetric Flow
4 I - Areq = 1.169 in?
‘é:ﬂ' gisg
Awg = ;
s 7
F 2el
Printed On: 11-May-2010 | TYCO PRVZ2SIZE Software Version 2.0.3728.,17257 Sheet 4 of 5

Tyco Flow Control, inc. and its parent, subsidiaries, and affiliates assume no fiability in any way whatsoever for any direct or indirect loss or damage through the application of this sofiware. See lerms‘g&eff
Not for resale. All rights reserved. All trademarks, trade names and/or registered trademarks referred to in this program are the property of their respective owners. Copyright @ 204 €O b, (ol

agreement,

mcpage’ 150



Tyco Valves & Controls Pressure Relief Valve Dimensional Drawing
554 Territorial Drive

Fiow Controf Bolingbrook, IL 60440
630-343-3333

dpratl@tycovalves.com

Quote Number:
Client: TVC, Boilingbrook
Location:
Project:

FERMI LAB

Tag No[PRV00T (8] vaveModelNo. |  9399C06SSTC
Service 9 Brand I Anderson Greenwood
PDNo| 10] ONN ;
EI Line No.| Quantity [11] Inlet 6" Fingd. 150# RF Standard
6 | 1 [12] outet | & Fingd 1504  RF

Wt. = 246l1b = 111.58kg

. A= 4.32in = 109.73mm

B= 12in = 304.80mm

C= 26.7in = 678.18mm

D= =

E= =

F= =

G= =

H= =

* Accessories not shown.

» Weight and dimensions shown
are approximate.

* Actual valve may vary from
image.
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{Relief valve calculation to determine the as installed capacity of the LAPD tank relief valve for internal pressure}
{The calculation has 3 sections}

{1 - the piping from the tank to the relief valve}

{2 - the relief valve itself}

{3 - the vent piping connected to the relief valve}

{the name plate capacity is 5271 SCFM Air for external pressure, the inlet and vent piping reduce this capacity}

it

{1 - relief_valve_inlet}
{tank at PO, relief valve inlet at P1}

w_lb_sec’2 =(  (144*g*(A_inlet_ft2A2) ) / ( Vbari_inlet ft3_Ib * (f_ci_inlet"L_eq_inlet_ft/D_inlet_ft+ 2 *LN(PO/P1) ) ) *(
(P02 - P142)/ PO ) )

Vbar1_inlet_ft3_Ib =Volume(Air,T=T_F,P=P0)
D_inlet_ft = (8 - 2*0.120)/12
A_inlet_ft2 = (PI/4)*(D_inlet_ft*2)

{Colebrook equation which offers an implicit iterative solution for the turbulent friction factor}
1/SQRT(f_ci_inlet) = -2.0*log10(epsilon/(3.7*D_inlet_ft) + 2.51/(Re_inlet*SQRT(f_ci_inlet) ) )

{Reynolds # calcs for f}
Re_inlet = 6.31*WCAP/(dsmall_inlet*mu)
dsmall_inlet = D_inlet_ft *12 {internal diameter of pipe in inches}

PO = 14.4 +3*1.1

{Resistance coefficients from Crane 410 }
K410inlet = f_ci_inlet*L_inlet_ft/D_inlet_ft {straight pipe} + K_inlet {pipe entrance} {K is unitless}

K_inlet = 0.78 {entrance pressure drop factor}
L_inlet_ft =51.89/12

{calculate the equivalent length | that includes the tees, elbows, and inlet between the vessel and relief valve piping}
K410inlet = f_ci_inlet*L_eq_inlet_ft/D_inlet_ft

{Colebrook equation for the turbulent friction factor, Crane 410 equation 1-20, set Reynolds number to 1E8 to get a fully turbulent
friction factor f_T}
1/SQRT(f_T_inlet) = -2.0*log10(epsilon/(3.7*D_inlet_ft) + 2.51/(Re_f_T_inlet*SQRT(f_T _inlet) ) )

Re_f_T_inlet = 1E8 {A large Reynolds number is input to get the fully turbulent friction factor}
DELTAP_inlet_psid = PO - P1 {flow pressure drop psi}

{check}

DELTAP_DARCY _inlet_check = (3.3591E-6)*(f_ci_inlet*L_eq_inlet_ft*“WCAP"2)/(rho_inlet*dsmall_inlet"5)
rho_inlet = Density(Air,T=T_F,P=P0)

it

}

{2 - Pressure drop across the relief valve itself}
{relief valve inlet at P1, relief valve outlet at P2}
{This sheet calculates relief valve sizing based upon US volumetric flow units for Pilot Operated Relief Valves}
{This is for the pressure case for a 9300 series}

A =V*SQRT(M*T*Z) / (4645*K_d*P1*F) {U.S. Volumetric Flow (SCF) Formula 11}
version 9.2.11 - page 152
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A =28.89 ({orifice area in"2}

F=SQRT( (ki(k-1))*( (P2/P1)N2/k) - (P2/P1)"((k+1)/k)) ) {relief valve subsonic flow factor based on the ratio of specfic
heats and pressure drop across the valve}

k = 1.4 {ratio of specific heats}

P2 = P1p {pressure at valve outlet during flow, 14.7 psia + back pressure}

M = 29 {molecular weight of the flowing gas}

T =519.67 {R, Absolute relieving temperature, 519.67 R = 60 F}

Z =1 {compressibility factor}

K_d = 0.650%(P2/P1)(-0.349)  {subsonic valve coefficient to be used when the set pressure is less than 15 psig}

DELTAP_relief_psid = P1-P2 {flow pressure drop psi}

f

}

{3 - Pressure drop from the relief valve outlet to the vent outlet}
{P1p is the relief valve outlet, P2P is atmospheric pressure}

flow_rate_ft3_min = flow_rate_ft3_hr /60

flow_rate_ft3_min =V

{full compressible isothermal equation 1-27 from Crane 410 }

{look at what diameter tube is necessary to take argon from the supply to the tank}
w_Ib_secr2 =( (144*g*(A_vent_ft272) ) / ( Vbari_vent_ft3_Ib * (f_ci_vent*L_eq_vent_ft/D_vent_ft+ 2 *LN(P1p/P2p) ) )
*( (P1p"2-P2p"2)/ P1p ) )

P2p = 14.4 {psi, atmospheric pressure}

L_vent_ft=8 {length of purge supply tubing in ft}

g = 32.174 {gravity ft/sec"2}

A_vent_ft2 = (PI/4)*(D_vent_ft"2) {cross sectional area of supply tubing ft"2}
D_vent_ft =8.329/12 {conver tube ID from inches to feet}

DELTAP_vent_psid = P1p - P2p ({flow pressure drop psi}

{specific volume of the argon tank purge}
Vbar1_vent_ft3_Ib =Volume(Air, T=T_F,P=P1p)

Vbar_stp_ft3_Ib = Volume(Air, T=T_F,P=14.7)
T_F=60 {deg. F}
w_Ib_sec =flow_rate_ft3_hr /(Vbar_stp_ft3_1b*3600 ) {ft"3/hr * Ib/ft"3 * 1 hr/ 3600 sec} {convert SCFH to Ib/sec}

{Reynolds # calcs for f}
Re_vent = 6.31*WCAP/(dsmall_vent*mu)

WCAP =w_Ib_sec * 3600 {Ib/ hr, converted from Ib/sec}
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dsmall_vent = D_vent_ft*12 {internal diameter of pipe in inches}
mu=Viscosity(Air,T=T_F)/2.42 {cp, converted from Ib/ft-hr}

{Colebrook equation which offers an implicit iterative solution for the turbulent friction factor}
1/SQRT(f_ci_vent) = -2.0*log10(epsilon/(3.7*D_vent_ft) + 2.51/(Re_vent*SQRT(f_ci_vent) ) )

epsilon = 0.00015 {ft} {absolute roughness in feet for drawn tubing = 0.000,005 ft, for commericial steel = 0.00015 ft}

{Resistance coefficients from Crane 410 }
K410_vent = num_elbows_vent*14*f_T_vent {felbows} + f_ci_vent*L_vent_ft/D_vent_ft {straight pipe} + 1.0 {pipe exit} {Kis
unitless}

{calculate the equivalent length | that includes the tees, elbows, and inlet between the vessel and relief valve piping}
K410_vent =f_ci_vent*L_eq_vent_ft/D_vent_ft

{Colebrook equation for the turbulent friction factor, Crane 410 equation 1-20, set Reynolds number to 1E8 to get a fully turbulent
friction factor f_T}
1/SQRT(f_T_vent) = -2.0*log10(epsilon/(3.7*D_vent_ft) + 2.51/(Re_f_T_vent*SQRT(f_T_vent) ) )

Re_f_T_vent = 1E8 {A large Reynolds number is input to get the fully turbulent friction factor}
num_elbows_vent =5 {number of elbows in the path from the vessel to the relief valve}

{check}
DELTAP_DARCY_vent_check = (3.3591E-6)*(f_ci_vent*L_eq_vent_ft*WCAP”2)/(rho_vent*dsmall_vent*5)
rho_vent = Density(Air,T=T_F,P=P1p)

144 - g - Aperiz

Leqy PO \] [ PO
Vbart etz - |:fci,inlet L 2R ) (—)]
Dinet ft

Wlb,sec

Vbart ietnapy = V['Air, T=Tg,P=P0 ]

8 - 2 -0.12
Dinetft = T

b1
Ainetfe = 4— Dinlet,ftz

1 .
— - 2 eg € N 2.51
A Foiintet 3.7 - Dinett Reinet "\/fci,inlet
WCAP
Renet = 6.31 C—
dsma”imeQ v

dsmallinet = Dipert - 12

PO = 144 + 3 - 1.1

L.
K410inlet = foimer = —m 4 Kie
Dinlet,ft

Kinlet = 0.78
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51.89
Lintet ft 12
L. .
K410inlet = f et . —eqinletft
Dinlet,ft
L 2.51
= -2 - |og € N

A Frintet 3.7 + Diett RetTiniet = A Frintet

Refrinet = 1x10°

APinlet,psid = PO - P1
founet * Leqinett © WCAP?
APDARCY,inIet,check = 00000033591 ’ it samet 5
Pinlet -~ dsmallipe
et = p['Aif , T=T¢,P=P0]

AM-T-2Z

A =V-
4645 - Ky - P1 - F
A = 28.89
2 k + 1
F o= K .(E(k_) (E(k)
k — 1 P1 P1
k =14
P2 = P1p
M = 29
T = 519.67
Z =1
P2 — 0.349
Kd = 065 =
P1
Aprelief,psid = P1 - P2

flow rate,ft3,hr
floWrate famn - = —————

60
ﬂowrate,ftS,min = V
2 _ 144 - 9~ Aventio P1p® - P2p*
Wibseo = L Pp \| P1p
, ft
Vbar1 vent,ft3, b’ fci,vent : ﬁ +2 - 1In (P2p ):|

P2p = 144

Lvent,ft = 8

g = 32.174
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s

Avent,ft2 = 4_ ' Dvent,ft 2
8.329

Dvent,ft 12

APvent,psid = P1p - P2p

Vbar1 vent,ft3,lb =V ['Air' , T =TF , P =P1p ]

Vbargonsp = V['Ar,T=T¢,P=14.7]

Te = 60
ﬂowrate,ftS,hr
Wib,sec
Vbal’stp’ﬂ3’|b - 3600
WCAP
Reyent = 6.31 c

WCAP = Wip,sec - 3600
dsmallyent = Dyentt - 12

Visc ['Air' , T=T¢ ]

2.42
1 2.51
—— = -2 - log ¢ +
Vfci,vent 3.7 - Dvent,ft Reyent "\/fci,vent
¢ = 0.00015
— Lvent,ft
K410yent = NUMglbows,vent 14 - fT,vent + fci,vent e+ 1
Dvent,ft
L
K410yent = fci,vent . —Saventh
Dvent,ft
1 2.51
—— = -2 - log ¢ +
VfT,vent 3.7 - Dvent,ft Ref,T,vent "\/fT,vent
Re(ryent = 1x10°
numelbows,vent = 5
fovent * L - WCAP?
AP bARGY vent,check = 0.0000033591 - —Semt_——covemt

5
pvent - dsmallyen

pvent = p['Air , T=T¢, P=P1p]

SOLUTION

Unit Settings: [F]/[psia]/[lbm]/[degrees]

A =28.89 [in? Ainlettz = 0.3284 [ft?]
Aventfiz = 0.3784 [ft?] APDARCY jnletcheck = 0.2974
APDARCY ventcheck = 0.6417 APinletpsid = 0.3122 [psid]
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APreliefpsid = 2.303 [psid]
dsmalliniet =7.76 [in]
Dinletft = 0.6467 [ft]

¢ =0.00015 [ft]

flowrateftapr = 262605 [SCFH]
fci,inlet =0.015099

frinet = 0.01416

g =32.17 [ft/s?]

K410inlet = 0.881 []

Kd =0.683

Leginletit = 37.73 [ft]

Linletft = 4.324 [ft]

M =29

NuUMelbowsyent = 5

P1 =17.388 [psia]

P2 =15.085 [psia]
Ref,T,inlet = 1.000E+08
Reinlet = 904022.700

piniet = 0.091937 [Ib, /ft%]

T =519.7 [R]

V =4377 [SCFM]
Vbartventftalb = 12.76 [ft¥/Ib, ]
WCAP =20051.039 [lb/hr]
Z =1 [unitless]

17 potential unit problems were detected.

EES suggested units (shown in purple) for rho_vent .

APventpsid = 0.685 [psid]
dsmallvent = 8.329 [in]
Dventft = 0.6941 [ff]

F =0.3371

flowrate ft3;min = 4377 [SCFM]
feivent =0.015001

frvent = 0.01396

k =14
K410vent =2.150049 []
Kinlet =0.78

Legventit =99.48 [ft]

Lventit =8 [ft]

g =0.018035 [cp]

PO =17.7 [psia]

P1p =15.085 [psia]

P2p =14.400 [psia]
RefTvent = 1.000E+08
Revent = 842263.916 []
pvent = 0.07835 [Ib,,/ft%]

TF =60 [f]

Vbar1inketftalo = 10.88 [ft/Ib, ]
Vbarsp. b = 13.09680 [ft¥/Ibm]
Wibsec = 5.57 [Ib/sec]
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{Relief valve calculation to determine the as installed capacity of the LAPD tank relief valve for EXTERNAL PRESSURE}
{The calculation has 3 sections}

{1 - the piping from the tank to the relief valve}

{2 - the relief valve itself}

{3 - the vent piping connected to the relief valve}

{the name plate capacity is 1018 SCFM Air for external pressure, the inlet and vent piping reducee this capacity}

it

}
{1 - relief_valve_inlet piping, funtionally the outlet for the vacuum case}
{tank at PO, relief valve inlet at P1, inlet pressure to piping section is P1}

w_lb_sec’2 =( (144*g*(A_inlet_ft2"2) ) / ( Vbar1_inlet ft3_Ilb * (f_ci_inlet*L_eq_inlet_ft/D_inlet_ft+ 2 *LN(P1/P0O) ) ) *(
(P122 - P0*2)/ P1 ) ) {Crane 410 equation 1-27 for isothermal compressible flow, w in Ib/sec}

Vbar1_inlet_ft3_Ib =Volume(Air,T=T_F,P=P1) {specific volume of air ft"3 / Ib at the inlet of the piping section}
D_inlet_ft = (8 - 2*0.120)/12  {piping internal diameter, ft}
A_inlet_ft2 = (P1/4)*(D_inlet_ft*2) {pipng internal flow area, ft"2}

{Colebrook equation which offers an implicit iterative solution for the turbulent friction factor}
1/SQRT(f_ci_inlet) = -2.0*log10(epsilon/(3.7*D_inlet_ft) + 2.51/(Re_inlet*SQRT(f_ci_inlet) ) )

{Reynolds # calcs for f}
Re_inlet = 6.31*WCAP/(dsmall_inlet*mu)
dsmall_inlet = D_inlet_ft *12 {internal diameter of pipe in inches}

P0=14.4-0.2 ({Tank maximum external pressure is 0.2 psid}

{Resistance coefficients from Crane 410 }
K410inlet = f_ci_inlet*L_inlet_ft/D_inlet_ft {straight pipe} + K_inlet {pipe entrance} {K is unitless}

K_inlet = 1.0 { for the vaccum case this is a pipe outlet entrance pressure drop factor}
L_inlet_ft = 51.89/12 {physical length of the inlet piping, ft}

{calculate the equivalent length L_eq_inlet_Ft that includes the tees, elbows, and inlet between the vessel and relief valve piping}
K410inlet = f_ci_inlet*L_eq_inlet_ft/D_inlet_ft

{Colebrook equation for the turbulent friction factor, Crane 410 equation 1-20, set Reynolds number to 1E8 to get a fully turbulent
friction factor f_T}
1/SQRT(f_T_inlet) = -2.0*log10(epsilon/(3.7*D_inlet_ft) + 2.51/(Re_f_T_inlet*SQRT(f_T _inlet) ) )

Re_f_T_inlet = 1E8 {A large Reynolds number is input to get the fully turbulent friction factor}
DELTAP_inlet_psid = P1- PO {flow pressure drop for this piping section psi}
{check against the simple Darcy equation}

DELTAP_DARCY _inlet_check = (3.3591E-6)*(f_ci_inlet*"L_eq_inlet_ft*"WCAP*2)/(rho_inlet*dsmall_inlet"5)
rho_inlet = Density(Air, T=T_F,P=P1)

it

}

{2 - Pressure drop across the relief valve itself}

{relief valve inlet at P1, relief valve outlet at P2, for vacuum P2 is the functional inlet and P1 the functional outlet}
{This sheet calculates relief valve sizing based upon US volumetric flow units for Pilot Operated Relief Valves}
{This is for the pressure case for a 9300 series}

A = V*SQRT(M*T*Z) / (4645*K_d*P2*F) {U.S. Volumetric Flow (SCF) Formula 11}
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A =28.89 ({orifice area in"2}

F=SQRT( (ki(k-1))*( (P1/P2)2/k) - (P1/P2)"((k+1)/k)) ) {relief valve subsonic flow factor based on the ratio of specfic
heats and pressure drop across the valve}

k = 1.4 {ratio of specific heats}

M = 29 {molecular weight of the flowing gas}

T =519.67 {R, Absolute relieving temperature, 519.67 R = 60 F}
Z =1 {compressibility factor}

K_d =0.55 {subsonic valve coefficient for vacuum}

DELTAP_relief_psid = P2 - P1 {flow pressure drop psi}

it

}

{3 - Pressure drop from the vent piping physical outlet (inlet for the external pressure case) to the relief valve dishcharge (relief
valve inlet for the external pressure case}

{P1p is the relief valve outlet, P2P is atmospheric pressure, for the vacuum case P1p is functionally the vent outlet and P2p
functionally the vent inlet}

flow_rate_ft3_min = flow_rate_ft3_hr /60

flow_rate_ft3_min =V

{full compressible isothermal equation 1-27 from Crane 410 }

{look at what diameter tube is necessary to take argon from the supply to the tank}

w_Ib_sec?2 =( (144*g*(A_vent_ft272) ) / ( Vbar1_vent_ft3_Ib * (f_ci_vent*L_eq_vent_ft/D_vent_ft+ 2 *LN(P2p/P1p) ) )
*( (P2p"2-P1p"2)/ P2p ) )

P2 =P1p

P2p = 14.4 {psi, atmospheric pressure}

L_vent_ft=8 {length of purge supply tubing in ft}

g = 32.174 {gravity ft/sec"2}

A_vent_ft2 = (PI/4)*(D_vent_ft"2) {cross sectional area of supply tubing ft"2}

D_vent_ft =8.329/12 {conver tube ID from inches to feet}

DELTAP_vent_psid = P2p - P1p ({flow pressure drop psi}

{specific volume of the argon tank purge}
Vbar1_vent_ft3_Ib =Volume(Air, T=T_F,P=P2p)

Vbar_stp_ft3_Ib = Volume(Air, T=T_F,P=14.7)
T_F=60 {deg. F}
w_Ib_sec =flow_rate_ft3_hr / (Vbar_stp_ft3_1b*3600 ) {ft"3/hr * Ib/ft"3 * 1 hr/ 3600 sec} {relationship between SCFM and Ib/sec}

{Reynolds # calcs for f}
Re_vent = 6.31*WCAP/(dsmall_vent*mu)

WCAP =w_Ib_sec * 3600 {Ib/ hr, converted from Ib/sec}
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dsmall_vent = D_vent_ft*12 ({internal diameter of pipe in inches}
mu=Viscosity(Air,T=60)/2.42 {cp, converted from Ib/ft-hr}

{Colebrook equation which offers an implicit iterative solution for the turbulent friction factor}
1/SQRT(f_ci_vent) = -2.0*log10(epsilon/(3.7*D_vent_ft) + 2.51/(Re_vent*SQRT(f_ci_vent) ) )

epsilon = 0.00015 {ft} {absolute roughness in feet for drawn tubing = 0.000,005 {ft}, for commericial steel = 0.00015 ({ft}}

{Resistance coefficients from Crane 410 }
K410_vent = num_elbows_vent*14*f_T_vent {elbows} + f _ci_vent*L_vent_ft/D_vent_ft {straight pipe} + 0.78 {VACUUM case
pipe inlet} {K is unitless}

{calculate the equivalent length | that includes the tees, elbows, and inlet between the vessel and relief valve piping}
K410_vent =f_ci_vent*L_eq_vent_ft/D_vent_ft

{Colebrook equation for the turbulent friction factor, Crane 410 equation 1-20, set Reynolds number to 1E8 to get a fully turbulent
friction factor f_T}
1/SQRT(f_T_vent) = -2.0*log10(epsilon/(3.7*D_vent_ft) + 2.51/(Re_f_T_vent*SQRT(f_T_vent) ) )

Re_f_T_vent = 1E8 {A large Reynolds number is input to get the fully turbulent friction factor}
num_elbows_vent =5 {number of elbows in the path from the vessel to the relief valve}

{check against the simple Darcy equation}
DELTAP_DARCY_vent_check = (3.3591E-6)*(f_ci_vent*L_eq_vent_ft*WCAP”2)/(rho_vent*dsmall_vent*5)
rho_vent = Density(Air, T=T_F,P=P2p)

144 - g - Aperiz

Leqy P1\] [ P1
Vbart etz - |:fci,inlet L 2R ) (—)]
Dinet ft

Wlb,sec

Vbart ipetap = V['Air, T=Tg,P=P1]

8 - 2 -0.12
Dinetft = T

b1
Ainetfe = 4— Dinlet,ftz

1 .
— - 2 eg € N 2.51
A Foiintet 3.7 - Dinett Reinet "\/fci,inlet
WCAP
Renet = 6.31 C—
dsma”imeQ v

dsmallinet = Dipert - 12

PO = 144 - 0.2

L.
K410inlet = foimer = —m 4 Kie
Dinlet,ft

Kinlet =1
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51.89
Lintet ft 12
L. .
K410inlet = f et . —eqinletft
Dinlet,ft
L 2.51
= -2 - |og € N

V et 3.7 * Dinjetst RefTinet '\/fT,inIet

Refrinet = 1x10°®

APinlet,psid = P1 - PO
foiiniet * Leqi - WCAP?
AP pARGY inlet check = 0.0000033591 - —Sdnet eq.inlet.ft !
pinlet - dsmallipet
Pinlet = p['AiI" , T =TF ,P=P1 ]

M Tz

AoV Jeas K, P2 F
A = 28.89
2 k o+ 1
F o= [ K ].[(ﬂ)(k_)_ (ﬂ)( k )]
k — 1 P2 P2
k =14
M = 29
T = 519.67
zZ =1
Ke = 0.55
AP relief,psia = P2 - P1
floWrate fiamin = ﬂowrg%
flowrate iz mn = V
Wib,sec - 144 - 9~ Aventio _ [P2p2 — P1p? ]
Vbart ventizip * | foivent Leqventt_ +2 - 1In (E)] P
Dentt P1p
P2 = Pip
P2p = 14.4
Lventt = 8
g = 32174
Aventiz = Z_ Dyventt 2 version 9.2.11 - page 161
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8.329
12

Dvent,ft
APvent,psid = P2p - P1p

Vbar1 vent,ft3,lb =V ['Air' , T =TF , P =P2p ]

Vbargonap = V['Air,T=T¢,P=14.7]

Te = 60
ﬂowrate,ftS,hr
Wib,sec
Vbal’stp’ﬂ3’|b - 3600
WCAP
Reyent = 6.31 c

dsmallyent - W

WCAP = Wip,sec - 3600
dsmallyent = Dyentst - 12

Visc ['Air' , T=60 ]

T 2.42
: 2.51
_ = -2 . |og € .\
M 3.7 - Dvent,ft Revent . '\/fci‘vem
¢ = 0.00015
L
K41Ovent = NUMgpows,vent 14 - fT,vent + fci,vent . _ventft + 078
vent,ft
L
K410vent = feivent - —eqventft
Dvent,ft
: 2.51
_ = -2 |og € .\
M 37 . Dvent,ft Refy-r’vem . '\/fT,Vem
Ref,T,vent = 1x 108
NUMeg|pows,vent =5
fovent * L - WCAP?
AP pARoY vent check = 0.0000033591 - —Shvent eq,ventft

5
pvent - dsmallyen

pvent = p['Air , T=T¢,P=P2p]

SOLUTION

Unit Settings: [F]/[psia)/[lbm]/[degrees]

A =28.89 [in? Ainletftz = 0.3284 [ft?]
Aventfiz = 0.3784 [ft?] APDARCY jnletcheck = 0.0195
APDARCY ventcheck = 0.02545 APinletpsid = 0.01956 [psid]
APreliefpsid = 0.1549 [psid] APventpsia = 0.02552 [pSid]
dsmalliniet =7.76 [in] dsmallvent = 8.329 [in]
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Dinletft = 0.6467 [ft]

¢ =0.00015 [ft]
flowrateftahr = 53520 [SCFH]
fci,inlet =0.01749

frinet = 0.01416

g =32.17 [ft/s?]
K410inlet =1.117 []
Kd =0.55

Leginletit =41.3 [ft]
Linletft = 4.324 [ft]

M =29

NuUMelbowsyent = 5

P1 =14.220 [psia]
P2 =14.374 [psia]
Ref,T,inlet = 1.000E+08
Reinlet = 184246

piniet = 0.07386 [Ib,,/ft’]
T =519.7 [R]

V =892 [SCFM]
Vbartventftalb = 13.37 [ft¥/Ib, ]
WCAP = 4087 [lb/hr]
Z =1 [unitless]

17 potential unit problems were detected.
EES suggested units (shown in purple) for rho_inlet rho_vent .

Dventit = 0.6941 [ft]

F =0.1032

flowrate ft3,min = 892 [SCFM]
fci,vent =0.01756

fT,vent =0.01396

k =1.4

K410vent = 1.96 []

Kinlet =1

Legventit = 77.44 [ft]

Lventit =8 [ft]

u =0.01804 [cp]

PO = 14.2 [psia]

P1p =14.374 [psia]

P2p =14.400 [psia]
RefTvent = 1.000E+08
Revent = 171659 [ ]

pvent =0.0748 [Ib,/ft’]
Tr =60 [f]

Vbartinetftalo = 13.54 [ft3/Ib, ]
Vbarspfaib = 13.1 [ft3/Ibm]
Wibsec = 1.135 [Ib/sec]
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{this sheet calculates the maximum flow of liquid argon into the LAPD tank during filling}

{the calculation assumes the flow is all liquid - this is conservative because ambient heat input and pressure drop (flashing) would
create vapor which would reduce the mass flow rate}

{P1p = 100+ 14.4} {fill line inlet pressure, psia}

elevation_head_psi = (336/12)*rho_fill/144 {pressure head due to elevation, psi}

P2p = 14.4 +1.1*3 {Tank maximum pressure, psia}

{P1p = P2p + 50}

L_fill_Cu_ft = (485 + 60 + 96 + 137+108)/12 {Type K pre-insulated copper length} {+ 498/12 {1 inch sch 10 length} ({linear
length of fill line pipe in ft} }

K_fill_Cu_pipe =f_ci_fill_Cu*L_fil_Cu_ft/D_fil_Cu_ft  {resistance of the 1" Type K Cu straight pipe itself}
g = 32.174 {gravity ft/sec"2}

A_fill_Cu_ft2 = (PI/4)*(D_fil_Cu_ft*2) {cross sectional area of the 1" Type K copper supply pipe ft"2}
D_fill_Cu_ft = 0.995/12 {convert ID from inches to feet}

DELTAP_fill_psid = P1p - P2p ({flow pressure drop psi}

it

7

{For the 1" SCH 10 SS pipe from the fill tank to the pump discharge - this is not the intended fill path but is the path of least
resistance to the tank}
L_fill_SS_ft =498/12 {1 inch sch 10 length} ({linear length of fill line pipe in ft}

K_fill_SS_pipe = f_ci_fil_SS*L_fill_SS_ft/D_fil_SS_ft {resistance of the 1" sch 10 straight pipe itself}
A_fill_SS_ft2 = (PI/4)*(D_fill_SS_ft"2) {cross sectional area of 1" SCH 10 supply pipe ft*2}
D_fill_SS_ft =1.097/12 {convert ID from inches to feet}

{Reynolds # calcs for f}
Re_fill_SS = 6.31*WCAP/(dsmall_fil_SS*mu)

dsmall_fill_SS = D_fill_SS_ft*12 {internal diameter of pipe in inches}

{calculate the equivalent length | that includes the tees, elbows, and inlet between the vessel and relief valve piping}
{K410_fill_SS =f _ci fill_SS*L_eq_fill_SS_ft/D fill_SS_ft }

{Colebrook equation which offers an implicit iterative solution for the turbulent friction factor}
1/SQRT(f_ci_fill_SS) = -2.0*log10(epsilon/(3.7*D_fill_SS_ft) + 2.51/(Re_fil_SS*SQRT(f_ci_fill_SS) ) )
{Resistance coefficients from Crane 410 }

K410_fill_SS = num_elbows_fill_SS*K_elbow_fill_SS {elbows} + K_fill_SS_pipe ({straight pipe}
K_elbow_fill_SS = 20*f_T_fill_SS

num_elbows_fill_SS = 14 {number of elbows in the SS line, flows thru the branches of tees are counted as elbows because the
elbow is less restrictive}

{Colebrook equation for the turbulent friction factor, Crane 410 equation 1-20, set Reynolds number to 1E8 to get a fully turbulent
friction factor f_T}
1/SQRT(f_T_fil_SS) = -2.0*log10(epsilon/(3.7*D_fil_SS_ft) + 2.51/(Re_f _T_fill_SS*SQRT(f_T_fil_SS) ) )

Re_f_T_fill_SS = 1E8 {A large Renolds number is input to get the fully turbulent friction factor}
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K410_SS_to_Cu = K410_fill_SS*(dsmall_fil_Cu/dsmall_fil_SS)*4 {convert the SS pipe resistance to equivalent copper pipe
resistance}

{Ka = Kb*(da/db)"4}

-

}

{specific volume of the argon liquid at the supply piping inlet}
Vbar1_fill_ft3_Ib =Volume(Argon,x=0,P=P1p)

{Reynolds # calcs for f}
Re_fill_Cu = 6.31*WCAP/(dsmall_fill_Cu*mu)

WCAP =w_Ib_sec * 3600 {mass flow in Ib/ hr, converted from Ib/sec}
dsmall_fill_Cu = D_fill_Cu_ft*12 {internal diameter of pipe in inches}
mu=Viscosity(Argon,x=0,P=P_average)/2.42 {liquid argon viscosity, cp, converted from Ib/ft-hr by dividing by 2.42}

{Colebrook equation which offers an implicit iterative solution for the turbulent friction factor}
1/SQRT(f_ci_fill_Cu) = -2.0*log10(epsilon/(3.7*D_fill_Cu_ft) + 2.51/(Re_fill_Cu*SQRT(f_ci_fill_Cu) ) )

epsilon = 0.00015 {ft} {absolute roughness in feet for drawn tubing = 0.000,005, for commericial steel = 0.00015}

{Resistance coefficients from Crane 410 }
K410_fill_Cu = num_elbows_fill_Cu*K_elbow_fill_Cu {elbows} + K_fill_Cu_pipe ({straight pipe} + K_pipe_exit {pipe exit} +
K_valve_cryolab + K_valve_eden_Y + 2*K_valve_eden_globe + K410_SS_to_Cu

K_pipe_exit =1.0
K_elbow _fill_Cu =20*_T_fill_Cu ({resistance for an individual elbow}
num_elbows_fill_Cu = 3 {type K}

{+ 14 {1"sch 10, this counts both elbows and tees for ss, this is conservative for this calc because tees have more resistance
than elbows in this instance} {number of elbows in the path from the vessel to the relief valve} }

{convert the mfg valve Cv values to K values}
K_valve_cryolab = 890.3*(dsmall_fill_Cu”4)/Cv_cryolab*2 {Cryolab valve on the fill line}
Cv_cryolab = 15.2

K_valve_eden_Y = 890.3*(dsmall_fill_Cu”*4)/Cv_eden_Y"2 {Eden Y valve on the ss piping}
Cv_eden_Y =27

K_valve_eden_globe = 890.3*(dsmall_fill_Cu”*4)/Cv_eden_globe”*2 {Eden globe valve on the ss piping}
Cv_eden_globe = 18

{calculate the equivalent length | that includes the tees, elbows, and inlet between the vessel and relief valve piping}
K410_fil_Cu = f_ci_fill_Cu*L_eq_fill_Cu_ft/D_fill_Cu_ft

{Colebrook equation for the turbulent friction factor, Crane 410 equation 1-20, set Reynolds number to 1E8 to get a fully turbulent
friction factor f_T}
1/SQRT(f_T_fill_Cu) = -2.0*log10(epsilon/(3.7*D_fill_Cu_ft) + 2.51/(Re_f _T_fill_Cu*SQRT(f_T_fil_Cu) ) )

Re_f_T_fill_Cu = 1E8 {A large Renolds number is input to get the fully turbulent friction factor}

{Pressure drop acordding to Crane equation 6-8 page 6-3}
DELTAP_tank_fill_line = (3.3591E-6)*(f_ci_fil_Cu*L_eq_fill_Cu_ft*WCAP2)/(rho_{fill*dsmall_fill_Cu”5)

rho_fill = Density(Argon,x=0,P=P_average) {density of liquid argon saturated at the inlet supply pressure}
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P_average = (P1p + P2p)/2

(P1p - P2p) = DELTAP_tank_fill_line

GPM_equivalent = WCAP {Ib/ hr} * (1/60) {1 hr / 60 min} * (1/11.63) {1 gal/11.63 Ib lar}

{check of the velocity in the pipe}
velocity ft_sec = 0.16*WCAP / (rho_fill * Pl *dsmall_fill_Cu”?2) {velocity of the flow in ft/sec}

{mass flow rate in pounds per hours}
WCAP=23556

{Equation D.37 from API 2000 section D.9 allows conversion of this argon mass flow to an equivalent air flow}
g_air_SCFH = (x/M_air)*W_fI*SQRT(M_air/T_air)*SQRT(T_i/M)

g_air_SCFM = q_air_SCFH/60

{q_air_SCFM = 4377}

x = 379.46

M_air = 29

W_fl = WCAP

T_air =519.67

T i=519.67

M = 39.948

_ 336 pf

elevationeaq,, 12 144

P2p = 144 + 11 -3

485 + 60 + 96 + 137 + 108

Lacut = 12
L,
KfiII,Cu,pipe = fci,fiII,Cu . —fCull
Din,cuft
g = 32174
P
Aficue = — Dfm,cU,ft2
4
0.995
Dficutt = 12
AP psia = Plp - P2p
498
Lanss = ETH
L,
Kinsspipe = feifinss - —HSSt
Diinss ft
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T
Afissie = — - DfiII,SS,ft2
4
1.097
Dfsstt = 12
WCAP
Reﬁ“,ss =631 —m8M8
dsma”f”LSS . u
dsmallsyss = Drnssp - 12
1 2.51
—— = -2 - log ¢ +
A/ feisfinss 3.7 - Drusst Reqiss * A foiiss
K410yss = NUMgponsiinss - Kebowdiss + Kiinss pipe
Kebowidss = 20 - friuss
NUMegipows fill,SS = 14
1 2.51
—— = -2 - log ¢ +
A frinss 3.7 - Driss Rerranss = 4 franss
Refrhnss = 1x10°

dsmally; 4
K410sstocu = K410g8s - [&]

dsma”f”LSS

Vbartg s, = v ['Argon',x=0,P=P1p]

WCAP

Reficy, = 631 ————
' dsma”ﬁ”’cu . u

WCAP = Wibsec ° 3600
dsmallsycy = Dricur - 12

Visc ['Argon’ , x =0, P =P erage |

2.42
1 2.51
—— = -2 - log ¢ +
A faisfincu 3.7 - Dficut Refiicu "\/fci,fiII,Cu
¢ = 0.00015
K410fiII,Cu = n'~“'T‘|elb0ws,fill,Cu . Kerow,fiII,Cu + KfiII,Cu,pipe + Kpipe,exit + Kvalve,cryolab + KvaIve,eden,Y + 2 . Kvalve,eden,globe
+ K410ss t0,cu
Kpipe,exit =1
Kelbow,fiII,Cu = 20 - fT,fiII,Cu
NUMepows filcu = 3
dsmallg ey *
Kvalve,cryolab = 890.3 - - 5
CVcryolab
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CVeryolab = 15.2
dsmallg e,
Kvalve,eden,Y = 890.3 - #
CVeden,Y
CVeden,Y = 27
dsmallg o,
Kvalve,eden,globe = 890.3 - %
CVeden,gIobe
CVeden,globe = 18
_ L eq.fillCu,ft
K410gicu = famcu - ———
Drincusit
1 )
—— = -2 " log ° + 251
A frsincu 3.7 - Drucut Resr ey - ’\/fT,fiII,Cu
Refriicy = 1x10°
fosicu * Leqs - WCAP?
Aptank,fill,line - 00000033591 i cifill,Cu eq,fill,Cu,ft .
pfill - dsmallg e,
pPfil = P['Argon' ,x=0, P=Paverage ]
p _ P1p + P2p
average 2
Plp — P2p = APuankjilline
1 1
GPMequivaIent = WCAP - a 1163
WCAP
velocCitygsec = 0.16 - c 5
par - m - dsmallg cy
WCAP = 23556
X M. T
. = C W oA [ e
Qair,SCFH M., fl T.. M
Qi _ Qair,scFH
air,SCFM 6—0
x = 379.46
Mair = 29
Wﬂ = WCAP
Tair = 519.67
T, = 519.67
M = 39.948
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SOLUTION

Unit Settings: [F]/[psia)/[lbm]/[degrees]

Adilcufte = 0.0054 [ft?]
CVcronab =15.2

CvVedeny =27

APtankiiline = 86.39 [psi]
dsmallsinss = 1.097 [in]
Dfinssft = 0.09142 [ft]

¢ =0.00015 [ft]

feifinss = 0.02251

franss = 0.02224
GPMequivalent = 33.76 [gal / min]
K410siss = 16.44
Kelbowill,cu = 0.4562
Kiill,cu,pipe =20.52 [ ]
Kpipe,exit =1
Kvalve,edenglobe = 2.693 [ ]
Legfilcuft = 159.7 [ft]
Lanssi =41.5 [ft]

pu =0.1734 [cp]
NuUMelbowsfil,cu = 3

P1p =104.1 [psia]
Paverage = 60.9 [psia]
Qair,scFM = 4377 [SCFM]
Refilss = 781249
Ref,Ti,ss = 1.000E+08
Tair =519.7 [R]
Vbartfnisipb =0.01286 [ft3/Ibm]
WCAP = 23556 [Ib/hr]
Wibsec = 6.543 [Ib/sec]

13 potential unit problems were detected.

Adilssf2 = 0.006564 [ft?]
CVeden,gIobe =18

APrilpsid = 86.39 [psi]
dsmallsicy = 0.995 [ft]
Dfincuit = 0.08292 [ft]
elevationnead,y = 15.83 [psi]
feificu = 0.02304

francu =0.02281

g =32.17 [ft/s?]

K410ficu =44.38 []
K410ssto,cu = 11.13 []
Kelbowill,ss = 0.4447
Kiil,ss,pipe = 10.22 [ ]
Kvalve,cryolab = 3.777 []
Kvalve,edeny = 1.197 []
Lancut =73.83 [ft]

M =39.95

Mair =29

NUMelbowsfilL.ss = 14

P2p =17.7 [psia]
(air,SCFH = 262616 [SCFH]
Refilcu = 861337
Ref,Ti,cu = 1.000E+08

pfil = 81.4 [Ib/ft’]

Ti =519.7 [R]

velocityitsec = 14.89 [ft/sec]
Wi = 23556 [Ib/hr]

x =379.5
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WELD PROCESS MAP NOZZLE SCHEDULE DESIGN CONDITIONS
MK | SIZE FIG. TYPE | FLG. MAT'L | NOZZ. MATL | WALL REPAD SERVICE Vessel Jacket/Channel/H.0.C. | Coil
Al 8" CONFLAT | T-304 SS | SA-5il 304 8 | 120" FEED THRU PORT Int. Ext. Int. Ext.
COURSE # 1 B| 6" CONFLAT | T-304 SS | SA-5i1 304 S5 | 120" RELIEF VALVE PORT |Design Pressure | 3.0 PSI| 0.2 PSI —
"ERTﬁ SR Internal == External 1 30 PLATE | S-240 304 55 | S4-240 304 5 | 7 GA ACCESS PORT (MANWAY) |Design Temp. | ¥ ypp| ¥ g | 08— | 08— | —
(») ooy S, wewewe | D | 3 P /PPE|  — | Sh-312 30455 | SCH 40 VENT Operating Press. | — | — | — — =
- 3'-8" - E | 10" CONFLAT | T-304 SS | SA-5i1 304 S5 | 125" HEAT EXCHANGER PORT | Operating Temp. — — — — —
Fi 27 — | CAP / PIPE — SA-312 304 S | SCH40 | 1/4" X 6" OD PUMP RETURN |Corrosion Allow. | — — -
G| 3/4 — | CAP/THRD PIPE — SA-312 304 S5 { SCH40 | 1/4" X 6" OD TANK PURGE Specific Gravity | 1.4 Liquid Level 10 —07
H | 30" — DISHED | SA-240 304 S5 | SA-240 304 SS | 7 GA. ACCESS PORT (MANWAY) |Static Pressure |Bott. Head 6.062 Bott. TL. mna
§| 2 — | CAP / PIPE — SA-312 304 S5 | SCH40 | 1/4" X 6" OD PUMP & DRAIN Left / Top | Type ASME F&D D.R. 120" 1cRr.7.27 SF. 15"
K |3/4 — | CAP/THRD PIPE — SA-312 304 S5 | SCH40 | 1/4" X 6" OD PURGE & DRAIN Heads Right / Bot. | Type FFLAT DR. — IL.C.R. — SF. —
L| 8 — CONFLAT | T-304 SS | SA-511 304 S5 | 120 FEED THRU PORT Jacket Type — D.R. — IL.C.R. — SF. —
M| 3/4 — | CAP/THRD PIPE — SA-312 304 S5 | SCH 40 TANK PURGE Channel |Type — D.R. — IL.C.R. — S.F. —
N | 3/4" — | (AP/THRD PIPE — OA-312 304 SS { SCH 40 TANK PURGE Vessel None — Spot — Full X
P |3/4 — | CAP/THR'D PIPE —_ SA-312 304 SS | SCH 40 TANK PURGE X—Ray | Jacket None — Spot — Full —
R |3/4 | — | Cp/iRD PR — SA-312 304 S5 | SCH 40 TANK PURGE Channel |None — Spot — Full —
S [3/4| — | Cip/THRD PIPE — SA-312 304 SS | SCH 40 TANK PURGE . Vessel |Lf/Tp Hd 70% |Rt/Bt Hd 70% |Shell 70%
T | 3/4 — | CAP/THRD PIPE — SA-312 304 S5 | SCH 40 TANK PURGE %cf’iﬂency Jacket |Lf/Tp Hd — |Rt/Bt Hd — |Shell —
Channel |Lf/Tp Hd — |Rt/Bt Hd — |Shell —
Hydro @ Vessel — Jacket/H.0.C. —
Amb. Temp. | Channel — Coil —
(a 2707 PWHT - Wind Load —
Earthquake ZONE 1 Lethal Service —
Code AP1 ha
ASME g
MATERIAL
Shell SA-240 304 SS Thk. 7 GA. {SPagmel Thk. —
Left /Top Hd. SA—240 304 SS  Min. Thk. (7 GA NOK)
Right/ Bott. Hd. SA—240 304 SS Min. Thk. (7 GA NOK)
Jakt. Shell — Thk. — Jakt. Hd. -— Min. Thk. —
H.0.C. — Shell -_ Ga Thk. —
HOC| — Head E— Ga Thk. —
Dia. Thk. Qty. Pitch Mat'l
Tubes
Tube Sheet E— Thk. — |Exp. Jt. — Thk. —
Channel Flg — Thk. — w/ — Thk. Liner|
(8) ANCHOR CHAIRS C.STL. Flg. w/ — overlays/liner — Thk.
Flanges T-304 SS Pipes SA-312/511 304 SS
180° Stub Ends — Coil — Thk. —
Couplings EE— Gaskets COPPER/ INDIUM WIRE
VERT. WELD SEAM Bolts T-304 SS |Nuts T-304 SS
Baffles —_— Repads SA-240 304 SS
Ins./Stiff. Rings — Lift Lugs oA-240 304 53
Supports SA-240 304 SS Supp. Clips SA-240 304 SS
" e l Manhole  YES |Hinged NO |Dpavit NO |No support
WELD SPECIFICATIONS
Shell/Head WPS # 02 & 28 |Shell/shel WPS # 02 & 28
g % 2 8 3" Flange/Pipe WPS # 02 & 28 |Pipe/Shell or Head WPS # 02 & 28
Pipe/Pipe ~ WPS # 02 & 28 |C.S./Stainless WPS # 03
SURFACE PREPARATION
* r l’ * Internal External
8.8. l T i 3 Surface Prep —_— Surface Prep E—
@T - .I @ NOZZLE "E” P'rlmer E— P'rlrner E—
1 [ Fin. Coat _ Fin. Coat —_—
Polish/Lining —
GENERAL INFORMATION
Capacity 6,508 Gallons
Empty 0,000 Lbs.
oo . Weight Full of Water Gal. x 8.345 Lbs.
COURSE #2 Operation @ N.L.L. Lbs. @ 1.0 S.G.
Alz-10 4% H.0.C. Hd. L.F.| Shell L.F.
REF. OAH NATIONAL BOARD NO.
GENERAL NOTES
//_' gﬁ)S[gE?Ug;?nT‘{fM‘{:HPS 1. Lifting Lugs designed for empty vessel weight ONLY.
EQUISPACED AT THREE
, ELEVATIONS AS SHOWN
AV o — I _ o
10'-0 1 l 2.
LIFT LUG
_”{ 3.
i— ‘\
3’9" !
|
|
! 4
. | | RELEASED
| ) o ; FOR FABRICATION >
i — & - - - - L“ﬂ BRIV CHIEF ENGR. _ Ze~
a DATE: _ 3//2/09
1'-6" ‘ | ¢
== !
ERACT A i naicA ORI MIDWEST IMPERIAL STEEL FABRICATORS, LLC.
% l 1 %\ ? 400 South LaGrange Road Frankfort, Illinocis 60423
PLATE w ) SCALE: APPROVED BY: DRAWN BY: . Fodripuez
== DATE: 12/29/08 Wm REVISED:  {. Rodriguez
2 [02/2/09] CHANGES & CORRECTIONS PER CUSTOMER REQUEST. (1) 10700 9D X 1000 RTRAIGHT SHELL | % ° s
e o (e iad” S s Sl b olaoiod ™ B o, P U BRI, Sl gt vhich e o e shipped 6. Dl bl holee to sopddle pincpal 6. el and top 4/ i seop e on LT ML nols o bove minkmun ngerior 6. L nowles on s, rot faks con, ot be 6. Al bele s formed ends tt &0 | 1| 01/23/09 | CHANGES & CORRECTIONS PER CUSTOMER REQUEST. CUSTOVER CUSTOMER P.O. | DRAWNG-SHT.[Ra.
and outside. Remove all weld slag, plastic flange covers, where suitable. - shipment or the parts will be shipped merked with the customer order used drill and tap 1/4” dia. weep holes All nozzles to have 6" min. exterior caused by welding and handling. repaired & that weld will be die - FERMI NATIONAL LABORATORY
spatter, loose scale, rust dirt and grease. 'gh;i.-:;lt«;cci gferrzl.l;gasl 21;;1.1 be plugged with loose for field installation. number and item number of the vessel. in each portion of the repad. _ projection unless otherwise specified. g;tn::;:ﬁ'; ﬁfgf«a‘:ﬁelﬁ;‘?aﬂy & REV! DATE DESCRIPTION BATAVI A, ILLINOIS 5833086 der B8 142@5@& 14 2




BILL OF MATERIAL
@ ITEM[QTY. DESCRIPTION MATERIAL | WEIGHT SUPPLIER
1 | 1 |HEAD, 120" OD ASME F&D SA-240 304/304L S8 738 TBD
@}\ A /@ 4 2 | 2 |SHELL, SHEET 7 GA. X 60° X 377’ SA-240 /AL SS | 2473 TBD
@ 3 | 2 |BOTTOM, SHEET 7 GA. X 121" RADIUS HALF CIRCLE | SA-240 304/304L S 820 TBD
@\M/ 777 F /@ 4 | 12 |[MOUNTING CLIPS, PLATE 1/2" X 2" X 2" Sk-240 304/304L S5 8 TBD
| @\V | L 5 | 3 |LIFT LUGS, PLATE 3/8" X 12" X 25" SA-240 304 SS 87 TBD
| TN 7777777 77777777777 777777777777 AMiiinihiHhDT i sy 6 | 8 |ANCHOR CHAIR TOP PLATE, 3/4” X 4" X 4~ SA-240 304 SS 29 TBD
. @ @\ 7 | 16 |ANCHOR CHAIR GUSSET PLATE, 1/2” X 4" X 11 1/4" | SA-240 304 S5 108 TBD
! i | ﬂ NOZILES "A & L’
. 33—\ 43 | 44 LN 20 /— DETAIL D’ r % u 8 | 2 |FLANGE, 8" CONFLAT SKT WELD T-304/304L SS 24 TBD
{ @ JF 4 9 | 2 |FLANGE, 8" CONFLAT BLIND T-304/304L SS 30 TBD
Tk M — § §g ﬁ 10 | 1 |TUBE, 6” OD X 0.120° WALL X 4'—0 T-304/304L SS 30 TBD
| o9 I < A i NN 11 | 16 |HEX BOLT, 5/16"-24UNC X 0'-3 1/2" IG. SA—193 BY 2 TBD
E} EEE,/ - @@ .- | 12 | 16 |HEX NUT, 5/16’—24UNC SA—194 2H 1 TBD
e v _ o / 13 | 2 [GASKET, 8" CONFLAT LDS COPPER 1 TBD
S g N ‘ NOZZLE "B”
: =4 14 | 1 |FLANGE, 6" CONFLAT SKT WELD T-304/304L SS 9 TBD
17 % | \ e 2 3% @f]/ zm‘f\ | 15 | 1 |FLANGE, 6” CONFLAT BLIND T-304/304L SS 9 TBD
L Ar-t ] \_§< e \ 16 | 1 |TUBE, 4” OD X 0.120" WALL X 2’0" T-304/304L SS 10 TBD
v ’ 17 | 8 |HEX BOLT, 5/16"-24UNC X 0'-2 1/2" LG. SA-193 B7 2 TBD
> | 18 | 8 |HEX NUT, 5/16"—24UNC SA-194 2H 1 TBD
! . e L_ o g - 19 | 1 |GASKET, 6" CONFLAT LDS COPPER 1 TBD
! ! " g NOZZLE "C” MANWAY
VL R VAR A. NOzZZLES € & P DETAIL 20 | 1 |PLATE RING, 2" X 30 1/4” ID X 35 1/2” OD | S$A-240 304/304L S5 160 TBD
r MIN. Y ; r | WITH (42) 7/8" DIA. HOLES ON 33" B.C.
I | | | L —T - 2'-6 - AND O—RING GROOVE PER DETAIL D’
; " @M , ) 21 | 1 |PLATE CIRCLE, 3/4” X 35 1/2” OD SA-240 304/304L 53 210 TBD
w; 7 / | WITH (42) 7/8” DIA. HOLES ON 33" B.C.
’ S =ao ==TTTY AND GASKET SURFACE ONE SIDE
NOZZLES "B & N" DETAIL s T SSsS==so_ o —m====FT / 22 | 1 |SHEET, 7 GA. X 8 X 97 SA-240 304/304L S5 43 TBD
NOZZLES "ALM. & S” DETAIL e ——f——t 23 | 42 [HEX BOLT, 3/4"-10UNC X 0'-4" IG. SA-193 BY 10 TBD
24 | 42 [HEX NUT, 3/4’-10UNC SA-194 2H 5 TBD
. 25 | 1 |GASKET, 0.1875" X 31 3/4” OD INDIUM WIRE 2 TBD
@ @ 0 NOZZLE D’
' 26 | 1 |PIPE, 3’~SCH 40 X 2'—0” B.O.E. SA-312 304/304L S5 15 TBD
%\ N\\\\v727777}} @ 1 27 | 1 gg;ngAféus”—SCH 40 Sh-403 304/304L S 4 TBD
; =Jl 28 | 1 |FLANGE, 10° CONFLAT SKT WELD T-304/304L SS 18 TBD
] 29 | 1 |FLANGE, 10" CONFLAT BLIND T-304/304L SS 26 TBD
) 17 SDE/ ] . " ia. Hog | 30 | 1 |TUBE, 8 OD X 0.120° WALL X 18 T-304/304L SS 23 TBD
@ W ~ 31 43 |44 31 | 20 |HEX BOLT, 5/16’-24UNC X 02 1/2" LG, SA-193 BY 2 TBD
k\/@ = | 32 | 20 |HEX NUT, 5/16"—24UNC SA-194 2H 1 TBD
7~ — 7 N 33 | 1 |GASKET, 10" CONFLAT LDS COPPER 1 TBD
Ly : Ly N 3 1 NOZILE "H” MANWAY
i | : = TANK INSIDE - 3¢ | 1 [SHEET, 7 GA. X 12" X 97’ SA-240 304/304L 58 64 TBD
3 17— 43 | 44 . NOZZLE H MANWAY DETAIL ! 3% | 1 |HEAD, 30" OD ASME F&D 240 043, S5 | 50 TBD
i\ « ¥ M*V % % DIA. THRU HOLE —] 3 | 36 | 2 |LIFT LUG, PLATE 3/8” X 3" X 5" SA-240 304/304L S5 8 TBD
i @ -8 \ | o NOZILE F & I’
L , @ N /T - ITEM 36" DETAIL 37 | 1 |PIPE, 2"-SCH 40 X 1'-8" B.B.E. SA-312 304/304L S 6 TBD
o ) : N 38 | 1 |WELD CAP, 2"-SCH 40 SA-403 304/304L S 6 TBD
A ' 39 | 1 |REPAD, PLATE 1/4” X 2 5/8° ID X 6" OD Sh-240 304/304L S5 3 TBD
t == e Ny %o ) 1 3" DIA. HOLE NOZ7IE C & K’
@ \+ S N 4" RADIUS - —
. \ 4 40 | 1 |PIPE, 3/4"-SCH 40 X 1'-8" T.BE, SA-312 304/304L S5 2 TBD
®\ | , : \ 41 | 1 |WELD CAP, 3/4"-SCH 40 SA-403 304/304L S 2 TBD
I Z Yy ﬁ?%ﬁ /E/\@ 42 | 1 |REPAD, PLATE 1/4” X 1 1/4” ID X 6" OD SA-240 304/304L S 2 TBD
‘@m‘ L MIN ! NV NOZZIE "G & K’
T @/ \ r MIN MOUNTING CLIP DETAIL r 43 | 3 [PIPE NIPPLE, 3/4’-SCH 40 X 0'-8’ SA-312 304/304L SS 3 TBD
: (12) REQD AS SHOWN ON SHEET 1 44 | 6 |PIPE CAP, 3/4"—SCH 40 THREADED SA-403 304/304L 3 4 TBD
. 45 | 1 |NAMPLATE S.S. 1 MIDWEST IMPERIAL
NOZZLES "D & R” DETAIL NOZZLES "E & T” DETAIL 5'—2" RADIUS — l
ﬁ:—ﬁ—l—n—ﬁ B
IR N )
T < & e N A I GENERAL NOTES
* I I | l I | TACK WELD 1. Lifting Lugs designed for empty vessel weight ONLY.
: e %" DIA. HOLE
- 4" ]
VY 2—
—— % ST I NN N AR B g " | e T e
/I_} INTERNAL | Tb;/?;. 4" T 4 —lr # N R 2
- | b S
‘ L T ‘ NOZZLES "G & K" DETAIL @\ | o< E -
AN ' :
010 N 078 | 14 NAMEPLATE DETAIL
012 \& $ : | LOCATE ® 90° ABOVE MANWAY 'H”
5.
] % o = : 3/ie'l < — 1'-0" ——————
|
—~— 31 %" 0D J\ﬁ | LIFTING LUG DETAIL RELEASED
- N ¢ Y (3) REQD ® 0°, 120° & 240° FOR FABIEngl/QN
DETAIL . . CHIEF ENGR. &
USE 095 o INDIUM WIRE =1 DATE: 3 /v2/ 0% MIDWEST IMPERIAL STEEL FABRICATORS, LLC.
5" AN(EEE;IORIE?Q’DCﬁ{HAEiAR?'ETAIL ' 400 South LaGrange Road Frankfort, Illinois 60423
[~ INTERNAL SCALE: APPROVED BY: . DRAWN BY:!. Rodriguez
NOZZLES "F & J” DETAIL 5 T02/%/6] CHANGES & CORRECTIONS PER CUSTOMER REQUEST.  |2ATE: 12/%9/08 m”’%ﬂ’ REVISED: 1 g
1 |01/23/09| CHANGES & CORRECTIONS PER CUSTOMER REQUEST. | () 1070 O X A0 o R O HELL 1™ 08 125
spatter, loose scale, rust dirt and grease. Eh;tla:;ig;l :z?exl::;:g:i il;;ll be plugged with loose for field mstauétlon. number and item number of the vessel. in each portion of the repad. projection unless otherwise specified. g;tn::;:ﬁ; ﬂ:ecg:?e}glit:gr:nally & REV DATE DESCRIPTION BATAVIA, ILLINOIS 5 8 8 3 O 6 Y08_125_2 2
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7 5 5 4 3 | 2 w

DRAWN DATE
REV DESCRIPTION
APPROVED DATE
REVISED PARTS LTST | J .MATESK | 15-JUL-2009
A CHANGED LAYOUT TO SUIT
24" X 48" PANELS
- 47 .45 ——6.52+.06
TYP
DETAIL B
1 SCALE: 41
20.72+.06 By - - - - - - - 1 - N
x\
iy T /> J : STAGGER SEAMS OF FOAM AS SHOWN )
/ g 7 |
.75
/ | | . FC.75)
S ; Z
| ‘.’ ’{//j/,//Q//O/ S S S S S S S S SSSSSSSS SSS SSS SSS SSSSSS SSSS S SSSSSSSSSSS SSS SSSSSSSSSSSSS SSSSSS SSSSSSS \C\\OQ\ﬁC\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\C\\CQ\fC\\Q\\\\Q\\}
Q VAPOR SHIELD MUST FULLY ENCAPSULATE THE
| b,jy,//jxxé//Q/ /C//Oé/7C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//Q4/7C//C//9C/VC//C//vé//C//C//C//Q/;f AN \Q\\C\\C\\S\\C\\C\\C\\C\\S\\C\\C\\C\\C\\C\\C\\C\\C\\S\\C\\C\\C\\C\\C\\éi\ﬁC\\C\\C\\CQ\ﬁC\\O\\Q\\\§>
\ A A R R A R A A NSNS S S S S S S S N e e S SUNSSNNNNOEN ENTIRE INSULATED VESSEL. THIS INCLUDES
| //AVAV/VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV/&4 §\QY%N%N@NAVAVAVAVAVAV&V&V&V&V&V&V&V&V&V&V&V\\ THE S|DES TOP & BOTTOM W|TH THE EXCEPT|ON
i | S 4AVAVA/AVAVbVAVbVAVbVAVbVAVbVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAOO/ \Q&Q&VAVAVAVAVAVAVAVAVAVAVAVAVAV&VAV&VAV&VAV&% OF |TEM 1’ SEE NOTE 4
| \.’ AR URURURORONNONNNNNNNNNNNNNNNNYNNYNNYNNNNNNNNNNNNNNNNNNNNNNY /2 /2 A S S S S S S S S LS LS S S S S S S S S S S S S SSSSSSSSSSS ) )
| Q?‘\\SCQ\\SCQ\ \CQ\\SCi\ﬁC\\ﬁOQ\\5CQ\\5CQ\\5CQ\\5CQ\\5CQ\\5CQ\\5CQ\\5CQ\\5CQ\\5CQ\\5CQ\\5CQ\\5CQ\\5CQ\\SCQ\\SCQ\\SCQ\\SCQ\\ﬁC\\bdb C},//Qc//79C4//9C//794//794//794//794//704/79C//VQCK/VQC//VQC//VOCCA/ /
\\QF\Q\\C\\éC\ A R R N N NN NN\ 2 /7 S S S S S S S S S S S S S S S S S S S S S S S S/ 4; 7
5?!? | iisi \‘P Qbf\\t\\C\\C\\O\ \Q\\C\\C\\S\\C\\C\\C\\C\\S\\C\\C\\C\\C\\C\\C\\C\\C\\S\\C\\C\\C\\C\\S\\C\\O<\5C\\5C\NC\\5Q\>C\\S\\C\\C\\C\\S\\C\\C\\C\\C\\S\\C\\éC\\O\EQ f; /C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//Q//6/4?//
é’ | ‘5' A O OONNNOYYNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN N, VS S S S S S LSS S LSS S TS S LSS SIS S S S S ST S S S S SIS S LA
[ = w\ r
| 03223830 | X 114'56_'06 ;2%Vﬂ%UAVﬂ%UAVﬂ%UAVﬂ%UAVﬂ%UAVﬂ%UﬂVﬂ%ﬁAVﬂ%UﬂVﬂ%Vﬂ%Vﬂ%ﬁﬂV4/ i%V“VNﬂN&VN“V&VN“N&VN&N&V&VNﬂN&VN“V&VN“V&§§
SF g N© %/07%0VAO%07A07A07A07A07A07A07A07A07A07A07AOVAOVAOVAOVAOVAOVAOVA”?/4 §“65V0&VONQAYQAVOAVOAVOAVOAVOAVO&VQ&VO&VO&VO&VO&YQ\\
| oy \©° | ///C//C//C//C//C//C//C//C//C//C//C//C/)C/3//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//C//VC////f//§f AU Y
o \0 | 7/
X C)/ \C) | AN U
ﬁé;::§§\ﬁﬂ ol \o |
Q ¥ l l } —— LSS S LSS S SIS IS ST ST S SSSSS LSS IS ST ST ST SSSSS S LSS SSSSSSSSSSSS S ST SSSSS ST S ST S SSSSSSSSSSSSS ST ST S S S S S S S RES ( . /5 )
‘el ° o | | =
o o |
\ /.
|
N /o
| o\ /o |
| 05~ ~35°
56002 | I Vi
| 3 | : 5'!/, : ADD | TIONAL PLYWOOD
e | SNl CRIBBING/SHIMING AS NEEDED
| Vs
| 4
: | )
O | |
KK |
|
DRILL & TAP RAIL
CAR FOR 3/4-10 THREADED ROD
INSULATION NOTES:
SECTION C 1. FLOOR:
HOR | ZONTAL [LUMBER SHOWN 1.1. INSTALL 4 THREADED RODS (ITEM 11) IN RAIL CARS.
HATCHED FOR CLAIRITY 1.2. LAYOUT LOWER PLYWOOD ON CARS AS SHOWN.
1.2.1. SHIM AS NECESSARY SO PLYWOOD IS LEVEL # 0.125
CANK 0D 1.3. COVER PLYWOOD WITH 2 COATS OF MASTIC (ITEM 10). SEAL
HOLES WHERE THREADED RODS PROTRUDE.
INSULAT ION OD 1.4. LAYOUT FOAM BOARDS AS SHOWN
1.4.1. STAGGER ALL SEAMS,
1.4.2. ALTERNATE DIRECTION WITH EACH LAYER.
1.4.3. SEAM SEAMS WITH MASTIC
1.4.4. FILL GAPS WITH “GREAT STUFF“ EXPANDING FOAM
1.5. LAYOUT TOP PLYWOOD.
1.6. LOWER TANK ON TO RAIL CARS
1.7. ANCHOR TO RAIL CARS WITH THREADED ROD.
et NOTE 5 1 o i 1.8. ROLL VESSEL INTO HALL
C \\ 1.9. PLACE CRIBBING AROUND TANK BOTTOM TO FULL INSULATION DIAMETER.
' 1.10. INSTALL REMAINING ANCHOR BOLTS
) 2. VESSEL SIDES:
\ 36.00 TYP
\ \ 2.1. COVER SIDES WITH 5 LAYERS OF ITEM 4. STAGGER ALL VERTICAL SEAMS.
! 2.1.1. FIT INSULATION SNUGLY OVER & AROUND ALL FEATURES & PROTRUSIONS OF VESSEL.
== f == :
: ......7F'II..... I \ ALL SURFACES OF VESSEL MUST BE INSULATED TO A DEPTH OF 10".
//////////4 F\\\\\\\\\\ i ; 2.1.2. FILL VOIDS IN ITEM 4 WITH ITEM 8
| ¢ B B ] ¢ 2.2. APPLY 1 COMPLETE LAYER OF ITEM 5 TO THE INSULATED VERTICAL WALLS. GREAT STUFF
;;;i;; ::i§§§ yant SIDE OF RAIL CAR"\\\\ | 2.3. SECURE INSULATION TO VESSEL USING AT LEAST 3 COMPLETE WRAPS OF ITEM 6. T4 ONHAND PAND NG FOAM . |NSULAT ION
T ////// \\\::i§§§ I / ENSURE THAT STRAP IS LEVEL & TIGHT.
17.3 A 2.3.2. FILL VOIDS IN ITEM 5 WITH “GREAT STUFF* EXPANDING FOAM 13
l ] / 2.4. SEAL SEAMS BETWEEN BOARDS WITH MASTIC
V /I n "
// 32.3ESZQELR28;DS & CRACKS IN ITEM 5 WITH “GREAT STUFF " EXPANDING FOAM 5 11210080000 3/4-10 SS HEX NUT 5
—6.00 ' ' ”
TYP e oo Tve 3.1. COVER ROOF WITH 5 LAYERS OF ITEM 8 . coul e onn 320 aSS READER 30, MMASTERIARE |,
: 3.1.1. FIT INSULATION SNUGLY OVER & AROUND ALL FEATURES & PROTRUSIONS OF VESSEL. FOR USE OFF OF THE CAR.
A
ALL SURFACES OF VESSEL MUST INSULATED TO A DEPTH OF 10",
i FOSTER 30-90 VAPOR SAFE MASTIC
3.1.2. FILL ALL VOIDS, GAPS & AIR POCKETS IN INSULATION WITH ITEM 8 10 COML g
T | , 3.2. APPLY 1 LAYER OF ITEM 5 TO THE INSULATED ROOF . 5 GAL CONTATNER
3.2.1. FILL VOIDS & GAPS IN ITEM 5 WITH "GREAT STUFF" EXPANDING FOAM GLASS CLOTH ROLLS oo
24 .0 TYP | I 4. VAPOR SHIELD: 9 COML 3 FT. W. X 150 FT. LG. sQ FT
! , ] 4 00 TvP VAPOR SHIELD MUST FULLY ENCAPSULATE THE ENTIRE INSULATED VESSEL. WHITE CL 1659
THIS INCLUDES THE SIDES, TOP & BOTTOM. 2 X 24 X 48 FIBERGLASS INS
4 1. ENCAPSULATE THE ENTIRE INSULATED VESSEL WITH MASTIC & REINFORCING MESH A 8 COML | 200
SEE NOTE 5 OWENS CORNING: 701
4.1.1. APPLY 2 COATS PER MANUFACTURES RECOMMENDED PROCEDURES.
ALETAL NO-SEW BUCKLE
7 COML 1 PK
MCMASTER CARR: #29705T22
1" NYLON WEBBING
6 COML 600"
i o MCMASTER CARR: #3510T12
LAY OUT PLYWOOD(ITEM 2) AS SHOWN, $140.0 el 94 0 | ._9 24 O |l— 0.75 X 48 X 96 TRYMER 2000 XP
TRIM EXCESS AWAY. . .
SCALES 1192 > oM | TW INSULAT ION 14
USE REMNANT FOR v v A TANNON 5 g
SECOND LAYER AT TN {_ 2 X 24 X 48 FIBERGLASS INS
A7 A AN AN o 4 COML 275
o N N OWENS CORNING: 702
ii\\\% 4 /% ;z(/gi(j WY I T o
( @141.50 ) - NENY 7 7 /; N NN ’2/';; g ‘ 3 X 24 X 48 TRYMER 3000 XP
INSULAT | ON | 48 .0 NN AT AN NN TSI K 3 COML 55
THICKNESS | \/\\\i 3 - A NNy 480 | TW INSULATION
: _ _ L[] N N\ /A7 N TN >
@ ' . E\\\\i NN RN VRN 1 o AP ENS S 2 |1850-260000| 3/4* X 48" X 96 PLYWOOD SHEET | 9
N NYNTZ 107 TN 77
i j | | | | — | : _ S e NS NN IS NN SIS SRR = 1 |1850-160000| PLASTIC LUMBER, 6 X 6 X 36 LG | 20
| | | | | — | t‘s ////§4\8\(}\\\\//// AR
[ [ [ | | | o5 25 )(//// N '\\ AN TN 77 TN \\\\\\[ I TEM PART NO. DESCRIPTION OR SIZE QTY.
. N N
- — ! AL TN IO f// 2 NN PARTS LIST
N % * #C 48.0 (/%7 INNpN NN AN 480
( 14.00 ) A// C N7, J\p s N, \\ \Q // g i\\ N UNLESS OTHERWISE SPECIFIED |ORIGINATOR R.SCHMITT 22-FEB-2009
| | L 7 X7 /// e /// ;/ i\ \\\ /4;8//0; N t\ FRACTIONS| DECIMAL | ANGLES |DRAWN J.TILLMAN 01-APR-2009
| | 96 00 TYP N //Ef/aj /4;4//@ @EQ\O\ ;/ ;/ XN t /4 |+ - - | £ - - |CHECKED J .RAUCH 10-JUN-2009
‘ §Z§122 00 J %/// ;/?Lf/ :‘i$\§ /; /§ 1. BREAK ALL SHARP EDGES APPROVED R.SCHMITT 10-JUN-2009
R JE— R . / AN - - MAX
5.9 SN AN Pl : USED ON
1 17.75 = TANK BASE LY N 3D 57 DIMENS 1ONS. BASLD. UPON
. ASME Y14 ,5M-1994
¢ ¢ 4, MAX. ALL MACH. SURFACES T
— 4 = — 4 = - -
2 0 2 0 V SEE PARTS LIST ABOVE
I —={ 24 0 = A 5. DRAWING UNITS: U.S.INCH
DETATL B . FERMI NATIONAL ACCELERATOR LABORATORY
= (196.00 ) = <*—-4?+g0'—*> - 54 00 LAY OUT BASE INSULATION (ITEM L 3 UNITED STATES DEPARTMENT OF ENERGY
AS SHOWN SO NO SEAMS L INE UP@NoTicE: IMAGE OBTAINED FROM FERMILAB WEB SITE
LAY ADDITIONAL LAYERS PERPEND|CULAR o INAGE OTTAIED FROV O AD 1B FLARE - GENERAL
TRIM EXCESS AWAY . Not for MANUFACTURE, or DESIGN INFORMATION.
SECTION A-A SCALE: 1:32 All information contained in this document represents PF\)EL | M | NAF\)Y DES | GN

work sponsored by an agency of the U.S. Government.
Neither the U.S. Government nor any agency thereof,
nor Universities Research Association, Inc., nor any of

LAR TANK [INSULATION

P P aaPaPaPal

their employees or officers, makes any warranty, express

or impliie)di or sfissumﬁs any legal Iiability or SCALE DRAWING NUMBER SHEET REV
responsibility for the accuracy, completeness, or 1:16

usefulness of any information, apparatus, product or & NOTED 39 42 OOO— M E— 46 63 6 6 1T OF 1 A
process disclosed, or represents that its use would not °

infringe privately omed rights. — — — = = CREATED WITH :  Ideasi2NXSeries |GROUP: PPD/MECHANICAL DEPARTMENT

vvvvvvvvvvvvvvvvv TETSTOT oS aTeS

/ o @ 4 5 / 1




VII. FABRICATION

A. Material Certificates
B. Welding Procedures
C.Name Plate Photograph

D. API Compliance Certificate
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THAI - GERMAN PRODUCTS PUBLIC CO.,LTD
MILL TEST CERTIFICATE TO EN 10204/3.1B

ISSUED DATE : 4771008

INVOICE NO. : TGP2008/121
S/NNO. : 2008/015 ORDER 2 CUSTOMER'S REF. NO. : 525/001357
MESSRS. ¢ NORCA INDUSTRIAL COMPANY LLC
L/CNO. :
s - =
| STANDARD SPECIFICATION : _ASTM A 313 ISR oiA GRADE TP 3045041 Mechanical Froperties| Hydro- | Flat- [Widfh of
CRATE DIMENSION - | QTY [WEIGHT| mEAT/ CHEMICAL COMPOSITION (% Bardoess| YS | TS | EL | Stasic test | fening Specimen
NO. | OD. X Thick X Length PRODUCTION | € [ Si [ Msa]| P | § Ni_ |Cr| Mo [ BRB) |(Ks)|(Kad)| % AT 5 SEC. | "
0.035 | 1.00 | 2.00 [0.045 | 0.030 | 800 1800 L . - 25 | 70| 35
UNIT INCH Pes) NO. Max | Max | Max | Max | Max | 11.00 | 2000 | - 20 max MIN. |[MIN. | MIN. | MIN. (Psi) (M) ooy |
10 | 1)2"XSCHIOSX20FT. | 5 | 9608 FMO70306512 | 0.025 | 0.394 | 1.961 | 0.057 | 0.010 | £.100 15357 - 83 68 [ 94 | 39 1300 | 191 | 190
10 | 11/2° X SCH10S X 20FT. 1 25 | 480.40 | FMO70306511 ' 0.025 | 0394 | 1961 0.037 | 0.610 | 8100 |18357] - 83 69 | 96 | 42 1300 | 191 | 190
10 |F3/ATXSCHaOSX 20FT, | 38 | 395.83 FMO60306511 | 0.035 | 0.389 | 1.091 | 0.030 | 0.012 | 5.088 18100] - 83 68 | 97 | 41 3300 [ 150 | 127
10 | 3/4"XSCH40SX20FT. | 11 | 114.58 FMO63005511 | 0.035 | 0.400 | 1.113 1 0.035 | 0.0)1] .080 18088 — 83 69 | 97 | 39 3300 | 151 | 127
| 10 | 34" XSCHAOSX20FT. | 41 | 427.08 FM062905512 | 0.035 | 0.400 | 1.113 : 0.035 | 0.011 | 8.080 18.088) - 83 69 | 97 | 39 300 [ 151 | 127
10 | 3/4° X SC4OSX20FT. | 10 | 10417 FMO063005513 | 0.035 [ 0389 | 1.091 | 0.030 | 0.012 | 2.083 18.000] - 84 70 | 98 | 39 3300 | 151 | 127
| 10 . 34" X SCHMOSX20FT. | 10 | 10407 | PMBG2805512 | 0.035 | 0.400 | 1113 0.035 | 0.011 | 3.080 18,088 83 68 | 95 | 4 330 | 151 | 127
16 | 3.0"XSCHI0SX20FT. | 19 | 758.69 | FMIS050651T | 0.035 | 0,588 | 1252 ; 0.031 | 0.0)0 | 8214 |18409] - 83 68 | 98 | 39 | 1100 | 247 | 254
16 | 114" X SCHIOS X20FT. | 30 | 499.13 FMDI2702512 | 0.035 | 0.431 | 1220 | 0.020 | 0.069 | 8351 13254 2 7 | 93 | 39 2000 | 182 | 190
22 | 40" XSCH0SX20FT. | 16 | 1590.50 EMI60406511 | 0.035 | 0435 | 1.054 | 0.027 | 0.007 | 8.040 18370 - 85 71 1100 | 38 1600 | 429 | 381
PROCESS : WELDED HEATTREATMENT: 1040 C WATER QUENCHING
FINISH : ANNEALED AND PICKLED SURFACE & DIMENSIONAL CONTROL BY VISUAL ACCORDING TOA 399 : GOOD
TESTING : FLATTENING RESULT: PASS
RESULT: WEHEREBYCEKHFYTHATMMAMALDMEEDEERENEASBEENMANUFACHM
RESULT: AND TESTED IN ACCORBANCE WITH THE SPECIFICATION
RESULT:
RESULT : @;Z

REMARK : MATERIAL FREE OF MERCURY CONTAMINATION NO WELD REPAIR
RF-QA-011 2008015/5

(L —

EAT I ASSURED BY :

QA DIVISION MANAGER

ILL TEST REPORTS FURNISHED BY
%AMDV\EST SPECIALTY METALS, INC.
DATE =2 ~//-29 OUR ORDER NO._/@& LY

CUSTOMER L) lsT,
YOUR P.O. )./ 03125 -7122%)

Rev. 2:09/50

version 9.2.11 - page 175
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THAI - GERMAN PRODUCTS PUBLIC CO., LTD
MILL TEST CERTIFICATE TO EN 10204/3.18

ISSUED DATE : 24/8/2008 . INYOICE NO. : TGP2008/178
S/N NO. : 2008/040 ORDER 2 CUSTOMER'S REF. NO. : 525,001375
MESSRS. : NORCA INDUSTRIAL COMPANY Lu:
L/C NO. - B -
STANDARD SPEC[F]CATION_ ASTM A 312 2} DIA __ o il GRADE 4 _i Mcch‘nmcxi Properties Hydro- |Flat- Width (;'T]
CRATE DIMENSION |QTY WEIGHT NEATY | o . _ CHEMICAL FOMPOS]'I_I_O_N_ A | Har_dn_l;:i]_'_‘fl TS | FL | Static test tmmﬁ_lggtd_me-
NO. | OD. X Thick X Length | FRODUCTION | € | 'Sl | ™Mo | P 1 5 [ i _Cr_| Mo | (RB)_ (G | (sl [ATSSEC. ; _ﬂ
f | 0035 | 1.00 | 200 | 0.045 [ 0.030 | 8004 1200 L . - 25 | 70 | 35
L . UNEF:INCH | po) (Kgx) | NO. Maz | Max | Max | Max Maz | 11.00 | 20.00 | - | no m:x|'\!’N MIN. | MIN. | MIN. (Pal) (MM) | (MM) ‘
_ 6 1 2" XSCH4OSX20FT. ! 8 | 62.76 |_FM213005511 | 0.025 | 03221 1,964 | 0.034 | 0.010 8159 118159] - | ’ 66 | 96 1 40 | 3900 13.1 127
6 iz xxmumxzmT_|“}_}_23£1__nuunpx13‘uon 0388 | 1.986 om4;qgw_ﬁ£@Laasm__;_J__ 3 955 40 3900 13.1 | 127 |
_6 172" X SCH40S X 20FT. 2 E_|5.§9__‘ FM243005515 | 0.022 o_f;&,_u 1954 0.030 } 0.011 | 8.138 |18.122| .___i__.aé_L.(”f? 94 1 41 03900 | 130 | 12?_1
| 17 | 20" XSCH®OSX20FT. | 38 1127839 | FMO50408513 '0033 oasn_| ’JJDSGUM 0.008 | 8.082 1324:[ -] % 67 194 a0 | 2000 275 oc)
17 20" XSCHA0S X 20FT. : 22 | 74012 | ©PM052807515 { 0.021 : 181358 - &) 69 98 | 38 2000 27.5 |
|18 |JBi0" x)SCH#0S X 20FT. | _i9 j 302 .78 [T FMOS2R0751S I:op'z'u 109 —l?n[ S| 8 69 o8| 38 T 2000 | 775
|18 | 207X SCHI0S X 07T | 37 | 124475 | Fm0s0408512 {oms 0455 | 1329 | 0.2 0008 | Bo9¥ |18222] - | 83 | 67 | 93 [ 38" | Z000 | 275 J
_18 | 20" XSCH4OSX20FT. ' 3~ | 100.93 FM032307513 _ 10028 03%1 1879 1 0032 [ 0.010 | 8.09% [1811s! - |84 171 099 | 39 |" 2000 : 275 254
18 | 20°XSCH0SX20FT. : 11 | 370.06 | FMOS0108511 . 0.035 | 0370 , 1.115 | 0022 | 0.011 | 8088 (18387 | .8 168 | 94 | 38 12000 !77_5 _ |
[ 19 | 20" XSCHA0SX20FT. | 22 | 74002 “FM0$2307513 0023 | 0398 | 17875 | 0,032 0010 308 sl s T o9 39 2000 | 275 254 i
PROCESS : WELDED HEATTREATMENT : 1040 C WATER QUENGIING
FINISH : ANNEALED AND PICKLED SURFACE & DIMENSIONAL CONTROL BY VISUAL ACCOKDING TOA 959 : GOOD
TESTING : FLATTENING RESULT: PASS
RESULT: WY.HEREBY CERTIFY THAT THE MATERIAL DESCRIBED FIERE IN HAS BEEN MANUFACTURED
RESULT : AND TESTED IN ACCORDANCE WITH THE SPECIFICATION
RESULT :
RESULT :

REMARX : MATERIAL FREE OF MERCURY CONTAMINATION NO WELD REPAIR

RF-QA-011

2008/040/9

2-13-99

ASSURED

BY - Q_\’\ODWI\

QA DIVISION MANAGER

MILL TEST REPORTS FURNISHED BY
MIDWEST SPECIALTY METALS, ING,

DATELZ-AY -o# OUR ORDER NO.

CUSTOMER
YOUR P.0.

Rev. 1:12/43

/o6 ES

version 9.2.11 - page 176
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THAI - GERMAN PRODUCTS PUBLIC CO., LTD
MILL TEST CERTIFICATE TO EN 10204/3.1B

ISSUED DATE : 27/6/2008

0 o INVOICE NO. : TGP2008/112
S/N NO. : 2008/029 ORDER 2 CUSTOMER'S REF. NO. : 525/001367
MESSRS. o -
L/C NO. s
STANDARP SPEC]F]CAT]ON ASTM_W D1A GRADE ﬁm Mechanical Pmpert!es Hydro- "Flat- Wi
CRATE DIMENSION QTY 'WEIGHT HEAT/ - CHEMICAL COMPOSITION (%)  Hardness ¥S - TS  EL - Stafictest i tening spe
NO.  OD. X Thick X Length PRODUCTION € ' Si Mm P S Ni Cr Mo (HRB) (Ksi) (Ks) % ATSSEC.
: 0.035 1.00 2.00 0.045 0.030 800- 1800- - - 25 ¢ 0 35
UNIT :INCH (Pes.): (Kgs.) NO. Max  Max Max  Max . Max 11.00 20.00 - 90 max. MIN., MIN. MIN. MIN. (Psi) (MM) (M
15 3/4"XSCHIOSX20FT. 10 ~ 79.03  FMO062908502 0.035 0564 1214 0039 0010 8055 18368 - 83 65 94 40 _ 2400 128 1
IS 12" XSCHASX20FT. 63 ~ 49420 = FM242804514 0035 0307 1725 0036 0010 8075 18076 - 8§ 68 95 41 3900 131 1
15 12"XSCHASX20FT. 37 | 29024  FM242404515 0035 0322 1744 0036 0010 8074 1808 - 83 70 098 4 3900 130 1
15 1U4"X SCH40S X 20FT. 25 52390 = FM01220551  0.035 0325 1585 0028 0.009 8165 18356 - 84 69 96 39 2600 210 1
IS J1/4"XSCH40SX20FT. 5 10478  FM0I2205512 0.035 0325 1585 0.028 0.009 8.165 18356 - 84 69 97 39 2600 210 1
16 40"xs_cmasxzon 4 39763  FMI60705512  0.035 0386 1469 0.024 0011 8.097 18272 - 84 70 100 39 1600 - 429 3
16 4.0" X SCH40S X 20FT, 8 79525  FMI60705511  0.035 0420 1.489 0.025 0010 8.093 18323 - 8 71 101 38 1600 429 3
16 4.0” X SCH40S X 20FT. 4 397.63  FMI60603511 0035 0561 1671 0032 0009 8098 18085 - 85 72 99 39 1600 429 3
| .17 @I0% xSCHA0SIK 20FT. 18 125699 FMIS0708502° 0.020 0362 1850 0035 0011 8075 18001 - 85 70 100 40 1900 369 2
17 3.0" X SCH40S X 20FT. ] 69.83  FMI152304503  0.035 0464 1036 0022 0006 8065 18027 - 84 72 .99 39 1900 369 2
PROCESS : WELDED HEAT TREATMENT : 1050 C WATER QUENCHING
FINISH : ANNEALED AND PICKLED SURFACE & DIMENSIONAL CONTROL BY VISUAL ACCORDING TOA 999 : GOOD
TESTING : FLATTENING RESULT: PASS
RESULT : WE HEREBY CERTIFY THAT THE MATERIAL DESCRIBED HERE IN HAS BEEN MANUFACTURED
RESULT : AND TESTED IN ACCORDANCE WITH THE SPECIFICATION
RESULT :
RESULT : @;{'
2 '/3‘09 Q
ASSURED BY iuvm oo
QA DIVISION MANAGER

REMARK : MATERIAL FREE OF MERCURY CONTAMINATION NO WELD REPAIR

g 2 MILL TEST REPORTS FURNISHED BY Rev. 2 : 09/50
RF-QA-011  2008/029/7 VILLTEST REPORTS FURNISHED BY

DATEZ ~//-2Z OUR ORDER NO. (& £

CUSTOMER L/t owesT,
YOUR PO. ?\/OC? /28 - 7/ 22 [version 9.2.11 - page 177




FELKER BROTHERS CORPORATIO

SO 9001 CERTIFIED

22 North Chestnut Avenue - Marshtield, Wi

sconsin 54448 % ) D

Telephone (715) 384-3121 - Fax (715) 387-6837

MATERIAL TEST REPORT
Inspection Certificate

See Additional Tests for Dual Certification

-]

PAGE NO. 1

ORDEANO. | 249232

CUST.PO.NO. | 50 -394 27

DATE SHIPPED| 12> //"_)’O/O_C;

1

| . F Eddy Current - (Weld) E426

L. ASTM A 312ASME SA 312 R. DIN 50049 3.1\EN 10204 3.1

bol2— SO

e =
LINE # DESCRIPTION ] HEAT NUMBER CARBON | MANG. PHOS. SULFUR | SILICON |CHROMIUM | NICKEL NITROGEN MOLY |COPPER
5 TUBE A260VSADED godLERonR ﬁ,_.l_-ztﬁeoeoo\, 024 |t.49| .oz7 | cora] LstR.21) 31T nal 27| .43
| el
[INE# | HARDNESS| “oosgpo TSR ST ADDITIONAL TESTS
ARTM Specification Revicsion Levels
5 85 RB 37600 BRRROC |2 BZ.0 ABCEFGHIJIMNOQRV A778 = 01 A7T74 = 06
812 = 07 A403 = 07
‘ A269 = 07 AZ249 = 07
ILL TEST REPORTS FURNISHED BY Fetker Brothers Corp. does not use mercury in the
IDWEST SPECIALTY METALS, INC. production nor in the testing of its products.
DAT _TMOUR ORDER NO. 9éf It Is certified that all figures are correct as contained
CUSTOMER ZZ 1D/ 5T r 273 in the records of the company.
YOUR PO. Y @ £/2.C- 742 K
R-/3-07
Additional Tests: .
A. Solution Annealed 1900°F  G. Etching (Weld) M.Eddy Current - (Full Body) E426  S.100% Radlographic Exam SA/A312 S5
B.Tenslon Test H.Dimenslonal N. Flange Test T. 100% Radiographic Exam
~ C.BendTestRev. BendTest . Visual O.Flattening/Rev. Flattening Test U. NACE MRO1
. D.Hydrostatic Test J. 304/304L Dual Certification  P. SA403 V. PED 97/23/EQ Annex1, Parf@3 C. REVIEW ED
. E:Plcide/Passivated A380 . 316/316L Dual Certification  Q.Corrosion - ASTM - A262 - Pass Titv M

Seott [Martinek—Guality Manager

version 9.2.11 - page 178



MILL 1ES] KEPUK TS FURNISHED BY
MIDWEST SPECIALTY METALS, INC.

DATE=27/2.7_OUR ORDER NO. /268Y_

A

CUSTOMER €JS7
YOUR P.0. 120 /224
TCPW14577 Mill Test Report EN 10204-3.1 / DIN 50049-3.18
' 1TD.
i : N INTERNATIONAL, INC. TA CHEN STAINLESS PIPE CO.,
/ Commodity - STAINLESS STEEL WELDED PIPE Customer TA CHE e ) iy
Shipper - TA CHEN STAINLESS PIPE CO., LTD. JENG-TEH, TAINAN, TATWAN
: e TEL:{06)2793254  FAX:(06)2701382
Specification  : ASTM A312-2007/ASME'SA312-2004/ASTM A999-20042pestination  : COUNTRY ORIGIN-TAIWAN
Grade : TP304/304L

Customer O/N 123808/M491984880... cortificate No : IP0661003

. : DAD2IPD6E6L
Supply Condition: ANNEALED AND PICKLED Factory O/N :QAD2I5626 - Date : 2008/8M1 INVOICE No : 2
: .
ltem Case No. Heat No. Size Quantity Weight Chernical Composition in %
- . i T Mo N
No. (Crate No.) Metal Sourcg (Pes) | (Kags) C Si Mn P s Ni 1361 - —
13 | 077,078,079 1511004 4 SCH10S 2016.1M) 75 0.022 |0.420 {1.430 |0.033 |0.005 |8.060 |18. ;
TAIWAN M49194990 -
14 | DTOOTTOTISNE 246520 z SCHA0S 20(8.1M) 125 0.022 |0.430 |1.440 |0.039 |0.008 |8.160 |18.240 | - s
' TAIWAN M49194990
2 0.040
15 | 0d5K66,067,068 152391A 3 SCH10S 20(6.1M) 45 0.021 |0.400 |1.480 [0.038 [0D.004 |8.030 |18.140
TAIWAN M49184980 . 0.036
16 | 0f/gEs s 152385 3 SCHADS 207(B.1M) 35 0.016 |0.460 |1.440 |0.041 ]0.003 |B.020 [18.20 2
TAIWAN M49134990
2 - 0.039
17 | 04B,049,050,051,052,053 246722 kRl SCH10S 20'(6.1M) 80 0.016 |0.440 |1.510 |0.032 |D.004 18.120 |18.28D
TAIWAN M49194980 0.037
K| 18 | 084,045,008.047 245017A - 3w SCHIOS2061M) 40 0.030 |0.470 |1.510 |0.036 [0.010 [8.050 [18.470 | - ; L |
TAWAN MA49194990
| Total 380 Remarks
FREE
i Gage Lth x W.Lth=50mm x 12.5mm o 1. MERCURY
tem UL M i ) Hardnessl Bend Heat Dimension | 44 raic 2 EDDY CURRENT TEST: O.K.
0.2% Yield | Tensile Test Flatiening Trearment And - 3. ASTM A262E.: O.K.
ngth [Flongation TEMP. | Susha ; 4. NACE MRO175-03 i
b Str:glgth Str:sa % HEE Test e oF Condition sl 5. FAR BAA - CANNOT CERTIFY COMPLIANGE
5. DFARS BAAS-CANNOT CERTIFY
13 44200 91300 49.00 B2.00 oK 1960 OK 1400 ESAPLIANGE LmNCE‘
14 44800 94500 | 50.00 82.00 OK 1960 oK 1900 7. FAR TAA-CANNOT CERTIFY COMP
15 45500 80100 | 51.00 B2.00 OK 1960 oK 1000 5;9( 5 i
16 40300 86700 | 55.00 83.00 OK 1960 OK 1900 J
17 40800 50000 | 50.00 85.00 OK 1860 OK 900
18 | 47400 | 93800 | 50.00 B4.00 OK 1960 OK 900 7@5‘? %,y
We hereby certify the above statement to be true and correct every detail : - - 6 Yan
TA CHET&]has gabh‘shed a QMS according to IS0 9001, which is certified by LRQA (cert. no. TWND936925) Manager of Inspecticn SectionfGeorg g

version 9.2.11 - page 179 ( ; )



Pipe/Tube Manutacturedtb w\ MILL TEST REPORT

Orisme

101529

RIS AR IALS LI SALES ORDER / RLS
IN BRISTOL, TN, USA 002855/ 2
CERTID / REV

00010908 / 01

Q REVIEWE}_D}_H
1Y/ ;-Fﬁm 2%

‘TUSTOMER P Q. CUSTOMER PART HEAT NO.
2737846 826128 o

DESGRIPTION:40801 2003500100 .
w8ODWELDED TUBE 420" WALL TP304/TP304L (ONSH#H $30400/S30403) A24B/A 269

GERTIFICATION REQUIREMENTS

FE_NGINEERING )
ASTM A249.04a/A269-04/ASME'SAZ4907, No ADD.

HYDRO PRESSURE

500 PS!
HEAT TREAT
Annealed at1900 Deg F. and water quenched to below 800 Deg. F.in less than 3 minutes. B
Chemical B
C Cr Mn Ni N P 8i 3
.020 18.2 1.42 B.16 .07 031 .45 011 - -
Mechanical
| 1EST UNITS RESULTS
| Tensile PSI PSI 91500
| Yield PSI PSI 43700
| Elong % 58
Hardness
| RB84
TEST RESULT
Flattening Pass
Revrs Flattening Pass
TG Root Bend Pass %Y/ Oq
Flare Pass q’/
Flange Pass Qf‘

Cenification is in accordance wilh EN10Z04:2004 lype 3.
Chermnical content is % by weight. Mechanical tast resuits are in English units (inches and pounds)
No weld repairs have bean performed on the bass msterial.
Hardness in accordance with NACE MRO175 and MRO103 and material is free of cold work lo enhance mecnanical properties
Pipe Is Plckled and Passivated in accordance with ASTM A380.
[
‘\___

MILL TEST REPORTS FURNISHED BY
MIDWEST SPECIALTY METALS, INC.

DATE2+//=9_0UR ORDER N0O._£L26LE
CUSTOMER LZZLRU/ENT [ Zango it

YOURPO. Y28 2l iz el —

We ceriify this report lo pe true and accurate, according to our regords on fila.

Bristol Melals has a Quality Managemant Systam in Place that is in compliance with 150 9001 2000 ,’i M 0
Bristol Melels does not add mercugy durlng any manufacturing process. AN
Rick Duncan - Qualiy Assurance Mgt

6’1’4% ; k} ?L{D ;h)\ &%/%Wq(ﬂpage 1 Date Printed 09/05/2008

i(ﬂ 1)

version 9.2.11 - page 180
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Mill Test Reﬁoft _ , § Page 2 of 2

N

MILL TEST REPORT This MTR contains 1 page (Page: 1)

MTR#: YC-L100121-01 Customer#: ASAT PO3#: P37399 SO¥#: HP6217
Ilem#: .18860144304L#1 Bundle#: Z97080008-044 Heat#: 78585314

M".L TEST REPOHT Euwzm-a,qfumsoozs-n.w 1 .

Commoity ; PAIMARY HOT ROLLEDSTAINLESS STEELPLATE  Customer:

— — TACHEN STANLESS PIPE 0, LTD.
Specication A3 TH AR NO. 125 HSINTIEN 2NDST, KO TIEN

] Destinntion: JENG-TEH, TAINAN, TAWAR

= R T KOS

COUNTRY ORIGIN: TAIWAN

Surkmers POK; 124325 Cortificate Na,; YO-L100121:01 Pae13)
Factory O, QAD21B00GA Date; 10/0200 invoies No.QAQRISX76
Chemlcal Compoaition In %
Item Quaaliiy Weight
No. Bundle No. Heat No. Ske Pos | Kga cliatlwnl PLE I ML Ol mol N
1(297080008-025 76565314 "Fﬁl?ﬂo.o*)( 20 B 1543] O013| 0380 1460 COa0| 00M| 8.30( 13.250 20
21297080009-026 76565114 0.107° X 60.0" X 120" 9l 1543 0015 0360) 1460 048] 4011 8,300 11250 m
9,9 3 |297050009-027 78565314 0,187° X 80.0° X 120 9| 1540 O.015| 0260 1.460) oM QOnI §.009| 18.250 203
4 {Z97080009-628 76557069 . [0.187 X 60.0" X 120° B 1554| 0.018) 0480] S.470[ 0.2 0J04| 8 040f 18160 1085
'BJ’V&\ 51287080009-044 78565314 0.187° X 80.0° X 1447 8 1647| 0015 0.30] t460) 0.00) Qvr] 6 100] 1.0 (R}
Tonslle Test Hardness Heat Dlmensk:r.l Remarks
I Bond 1 TEST METHOD:
"™ [ 0.2% Yita] Tenalk Teal Ty, AN £ 106
Moo s sns Elbngation Reduction wi | e Surace * THEAT ANALYSIS S N BY ASTMEIQI9<.0THERS Y AST EX2194E 1834
» | Sirength | Strenglh y of Aren HAB e ; . il \DTENSLE TEST ASTM EBlAC:
L % OF | COnTVOMIE 1 aRNES TEST: THIEK 120w Y ASTH ENR CTHERS BY STV E7
1] a%00| 85860 5l 82 1930 2 TERGRAMVLARCORRSICH FASSED
3 C ERTINE) FAEE FRCH MERCURY CONTAMNATION
2| 38200 85960 5¢ 82 1930 4.CHBIICAL TENSKE PROPERTIES AMD HARDHESS
sl anm|  esem 51 8 1930 GOMPLANCEWITH ASBSS1) FORIRRIANGES!) FORIA.
ASTH ARDQEA480KE,
5| a000] 8530 51 82| 1930 AGHE $AGSE3 ANMEALED.
3. THIS GERTFICATE COMPLIED T00.17B 10204:2004
5 SOUKGE. U500 _
We naeby cerify ihe abose ldement Jo bs tve and correl avay delall TA CHEN STAINLESS PIPE CO.. LTD. UQW %ﬂ;g

: I Dq Napegerot hapector Seclor
g"
2t

file://C:\TEMP\use\ MTR .htm S 11/5/2008
version 9.2.11 - page 181



wjo Fx8S

PO y08/2§‘

TA CHEN INTERNATIONAL CORPORATION

MILL TEST REPORT

&
7) )67

V25

www.tachen.com

MTR#: UGCL1673 Customer#:; KENKEN PO 76253 SO#: CG7599
Itam#: 1887244304141 Bundle#: 70501980 Heath: 724018

o

rage 1 vt

This MTR contalns 1 page {Page: 1)

‘Frata (o veriry hmll nod qurliy Grvy Seen eurvied swt: OK

UGINE & ALZ M MILL, CERTIFICATE BS EN 10204/3.1 N-Nr-N 200780036209 wn
ABCTLOR QROUP CERTIFICAT DE RECEPTION NF EN 10204431
ABNAHMEPRUEFZEUGNES [IN EN 10204/3.1 e
jEssaren e e
vdh-w-n u 8 3600 Sent | senifind s THD (922 Moe) by TOV , Wik 0003
Tt (oM 30°21 10 n-wm- to8a) 35 1 ( G
R, Toapwran nr 1M1 = BT, ar BE 421277044 P D a "-] q b 5 uLlC/L 73
’i“.“‘"—m m‘[i‘m-m Vaard BT
anafacinrer's warks arder mwb&r rveyor's mark TPurchaser andior comignee v T Ha
I#“ khmﬂn wisine productrice cﬁh"r‘,n.l U&A‘Eﬂm etfon desliataire N de pomenands cliem i
TUAGOPT 00701 64035/307/o1llermi ¢ L 75 CHEN TUTESHATIONAL CORE. 120636/785150
TIKI22575
< ) Chintarmer nrilele e
Fraduet =Rrodu sess as1svo AvEwuR Mg s
{snenrs, coun moren, BLASTED e lamrmmer des Kunubot
(TULES, DAMINEES A FROID, GRANATIINES soEOB  sowWo BEMH, CA ,1B872144304L
| o hean g -
pracens T (Prodiet delivery condliton
] --rhm' une '% v Fncicrs Sishihy o eu-dutmua;z’w‘m
A w oeciric we e Lasfonmntaned
P luu-vobw‘mmmhm opition Geatat
m e
1050
i Murphmﬂw rm]rtm A nard wwaunﬁr
Sl Vorsed ale - Alr foeed
5 | Gablases Lt o
ASTM A4BO/A4O0M=0EB -~ ASME SA 1480-5A 480M-04 ADD.0S
ol
Taentification of the product | Pinenilons TNamber of phaces mTi
oot ool SO et LT [Nombia du plkces - shm!u.l'hl_i a5
Coll H L1 wm;, ¥ i nis
1% ko abime + Bhueed e ;g'::-um POPRIECN I Locicocisy VO 2 e N W II
| e i Do et Geneizha | STaeIKD
72401831 1028 ,80 we ;. 3657.60 m I} 15237 Lba
CHF YSE CHIMIOQU! CHRM.I’SCHE ZUSAMMENSETZUNG
C 5i Mo T M s P
Required-fgt g ®.90 | 10,00
Anlontorarg Femmni | 0.936 | @75 .09 | 30.59 | 30,00 0,300 #.830| O, 048 o
Cast Analysss o.019 0.An 1.81 B.00 | 10.03 f.084| 9.9207| @.039
Annlyss ooules
[sd] (52 14!

ook M v
T T
'#ﬁ‘mtl) ! MEC 54 iR
' - Lo
3 P Tiecmess  Jwiend sivengin enibie wie. | Elangitban M
EXredtiom (3 1 Vield sewmgth y (Temaibs ur-:-':l‘:.”‘“ Mﬂnﬂ«:hmmv‘s) T “;l o “Adarger q
Reanlred | ponngrenne K41 |tupesihen KST . oy xax gk - 0
Aniforss Bpdisk | WRTW Elima iR el Wpaae | Rpivw " E0mm 1,
s ao 15 a0
A oz , ?
1] T [Ghanined [T] a7 92 58 86 l
Conins
Ergrboiais
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Mill Test Report Utk 'NTMML’E&&_‘“) 2 Page 1 of 3
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i
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Customer#:KENCLE MTR#:TICL2800 PO# JlER¥50#:LBR495 Involce#:LAC151
lern#: 7GAB0304L2B Bundlet; FABOB5B570N10 | ’

: 13 i S iR
G INSPECTION CERTIFICATE ORIGINA|
T .5 , TUAL2%00
Shansi Talgang Stainless Stee!l COLLTD Member | MILL. TEST CERTIFTCATE
of Taiyuan Iron and Steel (Group) Co.,,LTD CERTTIFICATE NO. {ABAQ81116A
NQ.2 jiancroping. Taivoan,Shanxi,P.R . China MATERT AL ijﬁ)- 28 |
TEL: (0351)3013328 FAX: (035153 . SPECIFICATION  |ASTM A24D-01/A480-D4, ASM
{ ), B KANR: OB (pR0lkBle ASTM AGEB, AMS B313-3311
Intp:/isasw Liseo.com.cn
I _mail: tgbxpiitisco.com.cu 1.7 N,
CUSTOMIR CONTRACT NO. DAY QF 8501
Ta Chen Internntional, foc. 124238 20080928
Product - NMaulting Nirnes nspectors simmp Mark o ihe Nainulicuner
CcoIL E+VOD * \ Shanxi Taiyuan Stainless Steel Co.ld
i
\~_____,,“/ v
NO. [Heat No. Coil Mo, B3atch No. Quantity Dimensions (inch) Weightt Pound)
15 ’ Al1802150 PAS0858610N20 88346252 1 10GA x 60" xC 1RR43
16 A2802)68 FAB0B5B6GION20 88346091 1 1DGA % 607 x G 204350
17 Al802150 FA8085B6GIONI0Q 88346090 1 10G0A x 607 x ¢ 19637
18 A2801440 FAB0356990N 10 8146076 I 10GA x 60" x ¢ 19791
19 ALBG2150 % FABOBSBSTON 10O 88346615 ] 7GA % 60" % C 20194
20 Al1802150 [FABUBS8SBON20 88346484 1 TCGA x 60" x € 17178
Al802 : W [883416483 I 3 20481
Chemical Compuosition
Heul No. i si Mn P $ Cr N[ ed [ N Ma ti
AlL802150 0.017 0452 1.626] 0.027] 0.002) 18,132 8.02[')] 0.186 0,065 (118
A2802168 0.023 0.526/ 1.771 0.025 0002 18101 8.023 0.143 0.067 0.119]
A1802150 0017  o.as2|  1.626] 0.027] 0002 18132 8026 0.186 0.065 0118
A2801440 001 0540 1783 0029 0003 18063 5004 0.183 0.083  n.101
AlB02150 0.017 0.452 1626 0.027 0.0020 18,132 B.026 0,186 0,065 0,118
Al1802150 - - | - 0017  0.452 1.626)  0.027)  0.002 "18.132] 8026 01186 0.065" 018"
AlB02i50 1 obi7| 0452|1626 0027 0002 (8132 #oze| 0.186 006s|  0.118
Mechnnica) Propertics  (Test tomporature :20°C) o
Test No. Tensile R m|Rpg 3 Yieldg yee|Rp, o Yield) gsg Elongation Corroslon Huordness A
N/mm? N/mm? Nimm 2 A5 (%) | AS0(%) Tests HRB HY HRC
BRIL6252.T 590 282 56 80.5-81.0
88346091-T 605 292 57 8d.5-84.0
88I46090.T 590 82 56 80.5-81.0
BRING076-T 595 296 52 B1.5-84.0
BBI466L5-T 610 337 57 19.5-79.0
BE3IN6484-T 595 291 57 74.5-75.0
B8346483-T 595 i 29 5. 74.5-75.0
SPECTROMETER SORTING TEST: OK :
EN 10204-3. 1B L 3
FE N Tk
| SO
Placc: Taiyuan 3
5 T g..q—- ;"‘_ | TH 4

T

FEB 09 2000

hitp://www tachen.com/mtrprint/getmitr.asp 2/5/2009
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NORTH AMERICAN STAINLESS
NAS METALLURGICAL TEST REPORT 6870 HIGHWAY 42 EAST
GHENT, KXY 41045
6870 HIGHWAY 42 EAST ) —
Certificate: 413421 3 ”a"lm"‘:‘mn_wgﬂ ?CEU:;‘MD_WEST Date: 7/21/2008 Page: 1
Customer: 005518 001 1908 DERCVEN 1908 DEKOVEN Steel:

RACINE, WI 53403

Your order: 2149

NAS Order: IN 0047468 02

RACINE, WI 53403
Finish: HRAP

Corrosion: ASTM A262/02aE;1808Bend-0OK

PRODUCT DESCRIPTIONE:

STAINLESS STEEL PLATE, HOT ROLLED, ANNEALED AND PICKLED.
ASTMR240/07,480/06b, 666/03 , ASHMESA240/04, 480/04,SA666/04
QQS766D-A X MGPRM,AMS5511H/AMS5513H XMRK,MIL4043B,AMD3,X CRNMEAS
Chem only for: ASTM A276/A312/A479/A4B4, ASME SA312/SA479

ASME Sect. II, 1995 Edition, 1996 & 1997 Addenda

REMARES

Mat’l Pree of Mercury Contamination. No weld repairs.
EN 10204 3.1; QQS763F Cond A; RoHS Compliant

* Melted & Manufactured in the USA

NACE MR0103-2005;NACE MR0175-2001; EN10204 3.1b
Minimm solution anneal 1900 F.,Water Quenched

(eroguct 1d Plated Skid # Thickness Width Weight  ~~~~=-= Length------ Mark Pieces Commodity Code )
lo43m DB 043YR1 DB P66997 #4960 4 60.0000 2,100 PLATE 240.00 3 1 J
CHEMICAL ANALYSIS CMCountryofielt) ES(Spain) US(United States) ZA(South Africa)
rm'r M c CR co MN MO N NI P s )
ﬁi + us .0219 18.3056 .3712 1.6931 .2711 .0749 8.1305 .0298 .0006
ST
.3500
. r
MECHANICAL PROPERTIES
i '
i 4
Product Id# Platef o i DTS .2% ¥S ELONG Hard R of A
c » ESIT XSI %-2 RB % -V T a)
JALUTETINGS
043YR1 DB 043YR1 DB FT 86.49 38.46 64.40 84.00 75.53
K -10163
z-9-07
A 7

NAS hereby certifies that the analysis on this certification is correct and the

material meets the specifications stated.

.

ERIC HESS

7/21/2008

INEER
Qc ENG version 9.2.11 - page 184
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2 A \DOLT] o
Ay oot 100\? 6870 Hichway 42 East

NASY) NORTH AMERICAN METALLURGICAL TEST REPORT Grhent34 Y 41045-9615
STAINLESS (502) 347-6000
Certificate: 377887 01 ‘;jci;m?;m_wgﬂ ?:ggm"ff;m_mﬂ Date: 11/28/2007  Page: 1
1908 DEROVEN 1908 DEROVEN

Custcomer:5518 001 RACINE, WI 53403 RACINE, WI 53403 Steel: g2OSNSOsTags

Finish: EHRAP

Your Order:TERRY NAS Order: AN 0379335 01 Corrosion: ASTM A262/02aE;180Bend-OK
PRODUCT DESCRTIPTION : REMARKS :

STAINLESS STEEL PLATE, HOT ROLLED, ANNEALED AND PICKLED. Mat‘’l Free of Mercury Contamination. No we_ald repairs.
ASTMA240/07,480/06b,666/03,”3{0'{0&,480/04,51;555/04 EN 10204 3.1; QQS763F Cond A; RoES Compliant

Q0S766D-A X MGPRM,AMSSSllH/MﬁS5513H XMRK,TIL4043B,AMD3,X CRNMEAS

(skia # Prod # Thickness  Width Weight -—-------- Lengthe--cona- Mark  Pieces
P59018 * 022YP7 #8750 ' 60.0000 3,270 PLATE 240.00 2
P55019 * 022YP7 .3750 60.0000 3,270 PLATE 240.00 2
,
CHEMICAL ANALYSIS  CMCountryofMelt) ES(Spain) US(United States) ZA(South Africa)
( Heat M c CR cu MN MO N NI p s ST

7 ©s  .018 18.208 .312 1.726  .303  .083 8.290 .030 .001  .381

MECHANICAL PROPERTIES
i ' 14 UTS .2% YS ELONG Hard
skid # Prod # o i RSI KSI %—-21 RB
axr
P59018 022YP7 FT 87.35 37.64 60.01L 81.50
P59019 022YP7 FT 87.35 37.64 60.01 81.50

e
7-;&’5’?

=
LA 11/28/2007
ERIC HESS version 9.2.11 - page 185

NAS hereby certifies that the analysis on this certification is correct and the

material meets the specifications stated. 0F ENCENEER:
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TAUET NO.

10199
— < = —
F % = o F. % :Ti00-0004 MEBFRERAFN_TE6F1 S
Shinper KANEWMATSU CORPORATION ; gﬁ QEE_Z.TJUZ**E‘KH: i} Head Office 2-6-3, Glemachi,Chivada-ku, Takyo 100-0004,Jagan
EXEBAES eel & Sumikin Stainless Steel Corporation  A@&zm  805-0058 XAMNT ERRATHETR 2108~ 1
;efe;;ncg N:. - _TJB15 00006004 # =T pg = Yaveata Works %Bumzzchﬁ %ugﬁ%jé\;mwﬁmm
Contract No.. __° 8-868-TH-5-5-BH24 M BREENAE TBEES: " .
Base® % i Bl uzs  INSPECTION GERTIFICATE Cngetety .
o A2 L G-lOaa ASME g Date Of Issue 2008-06-11
XEES , = ®E X, EERERES: E05 2
Document No. ! Customer * JACQUET MIDWEST INMC. Cuslomer‘sControlNo,E P) 2069 REV(Q? 3SSSRW 026 ¢
BEES 5l & & & Fori) {& £ Bk 2> Ghemical Composition %
<t & B B2 " HEEE EIE Ten 'g.é_.im.l‘&_ CISi[¥ [P | S [CO] Ni |Cr MoNbVNC‘FEJ
eat No. &4 [IH?J H SIBET |k 2594 HBW Imw aw [ mon | met | foor| mw | xm | wer | xao|xoo) s 1101/ 3< 2.9
Dimension Quan| Mass |[HBRES 5 YS ¥YP4 TS EL =% 5 10/ | et a0 x102 8 =3
tity] LBS Plate No. |S&77% % | % |SS4FTE [@em|1500 T | ][O [ = 2
mnm KG Test No. # S 13 |4 21 8] Avg [Each Blae] wet | oot | o | om0 Jooe] wet | oot | v s1ce | o] oo] X7
SPEC. WIN. 30 75 |40 g0 800
MAX. 201 {130 75 200/ 45 30 [105002000
MAX. 10
CIUSTIOMER™ S [SPEC. MIN. 30 75 {400 8001800
MAX. 1040 182 |30l 75 20&‘ 400 30/75105012000 40
MAX. 10
= | |
- 0 E02TS ' TY 37 129 28 3j21] 9051810 11] 2
_m% 1240 1 e 358923 ?10995-01“*\4 37 84 '_545 140 5 0
TOTAL 1 227?’ '
SOLUTTON HEA T|05[EIC X SHTN. WATER COOLED
CORROSION TH CEIE) :| ACCEIPTABILE
VISUAL & DI N |: CE[P[TABLIE
NO WELD REP gl [NATIION DE| 1IN |JAPAN
ASTM A480-0 MRIO17/5-03| [AMS5[5[13[G/5[511G
AS PER EN |1 ATERI_!-L TESITS 3.1 2
| 3 31 Notes Location-Orientation GLEf - AW 1:5Ra6 1on, B.JR2S Bottom L:EEMEAF Longitudinal, C:@AAHM Transverse, Z:BREZ/A Through Thickness, R:45° A 45Dee to the Longitudinal AXis

3 : age Length, A:SOmmERZE{%H Rectangu)ar, B:S0mmALTE B8 K Round, C: 70nmERZEERE-Rec tangu lar, D: 70nnLAEE B K Round, E: 80muER S B Rec tangu Tar, F: 80mAuiizSt % krRound, G:200mm H:2', 1:8°, J:5. 65+S0
#3|R A&V Reduction O Area, Y. R:FRRLL Yield Ration[#4]A: &% Acceﬁtable@Z:Z. Smmn, 3: 3. 3mm, 4:3. 33my, 5:5. Omm, 6:6. 67am, 7:7. 5rm. 8:6. Tmm, 9: FERIE Plate Thickness[36]P: B4R Product Analysis
37| N:5%% Normalized, Q:BEAM Quenched, T:$E& L Tempered CR:Controlled RolTed NIC:NIC Process, CLC:CLC Process
SH:3EMEREEEE Shear Fracture CF:HEtEREESE Crystallinity Fracture LE:#&EEH Lateral Expansion. AGS:4-27+{MUEE Austenite Grain Size FGS:715{MUEE Ferrite Grain Size SR:Stress Relieved /Post Weld Heat Treatment
LRAEXSRAEEORBEILTHERICHE S TRESN. TOERFEEZHEL TWAILEERALET.

WE HEREBY CERTIFY THAT THE MATERIAL DESCRIBED HEREIN HAS A
BEEN MADE IM ACCORDANCE WITH THE RULES OF THE GONTRACT. & J é
9 -C INBELETT
3-0-97 EREExE

Group Manager,Plate Quality Contral Dept.

Yawata Works

Y16-02-2 Rev. 4

version 9.2.11 - pagé 186
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JACQUET NO.

ACRONI| -10201

JACQUET NO.
-10202

ACRON], d.o.0.

Cesta Borisa Kidria 44
Sl - 4270 Jesenice

T: +386 4584 10 00
F: +3864584 11 11

E: uprava@acroni.si
W: hitpi/fwww.acroni.si

Potrdilo o prevzemu 3,1/
Abnahmepriifzeugnis 3.1 / Inspection
Certificate 3.1 EN 10204 3.1 Stran/Seite/Page 172

8t./Nr./no. Datum/Datum/Date
31092217-1 30.7.2008
Naro¢ilo/Bestellung/Order Dobavni list/Lieferschein/Despatch N.
2096disp.27830 31092217 from30.7.2008
Izdelek/Erzeugnis/Product Vrsta pedi/M. Furnace

Plates B+VOD

Naroénik/Kunde/Customer

JACQUET MID WEST 1908

DE KOVEN AVENUE W153403
RACINE

UNITED STATES

Znak izvedenca TK

Znak proizvajalea

Specifikacije/Vorschriften/Specifications Tip/W.Nr./Type
ASTM A 240/A 240M/ED.04 ,ASTM A480 304L/304
SECTA1 PART A/ED-01

ASME SA 480
ASM 5513 H

Pov./Flache/Finish Kor.test/Int.krist korr./Corrasion test
No.1 ASTM A262PRACTICE:QK
No.l

Obseg dobave / Umfang der Lieferung / Extent of mat. delivery

Poz.Pos.ltem | Sarza/Schmelzen | St.plosce/Waltztafel | Teza/Gewicht/ | Dimenzije/Abmessungen/Dimensions | St.Stuck/Q. | 8t. V.Pr,
|_Nr./cast No. /Plate No Wieght Nr,
3 1264442 ¢ 88225 5593 2.250x79x240 ¢ 1 88225
4 264446 88253 5593 4,000x79x135 1 88253
Mehanske lastnosti/Mechanische Eigenschaften/Mechanical properties
Stvzorca | Smer | Nap. Nap. Nat. Raziezek | Raztez | Trdata | Zil.1 Zil2 Zil3 Temp.
Sample vzorca | tedenja 0.2 | tedenja Trdnost A5 % ek Hardne | Impaci | Impact | Tropact | °F
No. Posili | % 1% Tensile Elongatio | A50% | ss FtLb FtLb Ftlb
on Yield 02% | Yield KSI 1 Elongat | Rockw
KST 1% ion ell B
KSI HRcB

88225 | P 44.36 53.06 §9.31 45.9
88253 | P 42.04 4944 30.90 52.5

722 | 87 279 284 283 68
77.1 80 253 262 258 68

[ 3 N J

Ry T
“a -, Ay
@ Stovanska Industrifs Jekla
skupina

.l\' i e
0 ACRONI

g!esta Borisa Kidrica 44, 3270 Jes

an skupi RNy

Memnef%@;ﬁ}“ rogsunast on bctn
Phafitna tieia 568410 ey
Iadertrtbacyiha dtwdte 74 07!

version 9.2.11 - page 187
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ACRONI

ACRON]I, d.v.0.

Cesta Borisa Kidrica 44
S[- 4270 Jesenice

T: +386 4 584 10 00

F: +3864 584 11 11

E: uprava@acroni.si

W: https/fwww.acroni.si

i./Nr./no, : 3 1 092217'1

Potrdilo o prevzemu 3.1 / Abnahmeprilfzeugnis 3.1 / Inspection Certificate 3.1

Stran/Seite/Page 2/2

Kemiéna analiza/Chemische Zusammensetzung/Chemical composition

Sarsa %C %S %Mn_| %P %S %Cr %Co | %Ni %Mo %Ti %N %B
264446 | 0.011 | 0.31 | 1.56 | 0.035 | 0.002 | 18.13 | 0.08 | 8.16 0.0896 | 0.0006
100141034 | 1.51 | 0.040 | 0.001 | 18.15 | 0.11 | 8.15 0.0991 | 0.0005

Opombe/Remarks

HEAT TREATMENT : QUENCHED AT 1050°C, WATER QUENCHED

- VISUAL AND DIMENSIONAL CHECK : OK

- SPECTROMETER SORTING TEST : 0K
- INTERGRANULAR CORROSION TEST ACCORDING TO

ASTM A .- 262 PRACTICE E : OK!

NO WELD REPAIR.
MERCURY FREE.

3 j Slovenska indusirija jekla
skuplna g8

?CTOQH, d.o.g,
esta Borisa Kidrica 44, 427 i
Clan skupine $4ana orsgaarans g mi:!“s“emce * fria

Member of SIRURTiEE SRR EBEIAS 0 a0

Hairna fipdfia: 5688418
Mfemdibaciika Beiha o DDV, F125540754

version 9.2.11 - page 188
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JACQUET NO.
-10203

ACRONI

JACQUET NO,

~10204%

ACRONI, d.o.0.

Cesta Borisa Kidrica 44

S1- 4270 Jesenice

T: +386 4 584 10 00

F: +3864 584 11 11

E: uprava@acroni,si

W httpywww.acroni.si

Potrdilo o prevzemu 3.1 /
Abnahmepriifzeugnis 3.1 / Inspection

Certificate 3.1 EN 10204 3.1 Stran/Seite/Page 1/2
§t./Nr./mo. Datum/Datum/Date

31092103-1 28.7.2008

Narotilo/Bestellung/Order Dobavni list/Lieferschein/Despatch N.

20%6disp.27830 31092103 from28.7.2008
Izdelek/Erzeugnis/Product Vrsta pedi/M. Furnace
Plates E+VOD

Naro&nik/Kunde/Customer

RACINE
UNITED STATES

JACQUET MID WEST 1908
DE KOVEN AVENUE W153403

JACQUET NO.
-102 07

Znak izvedenca TK

Znak proizvajalca

SpeciﬁkncijeNorschriﬁenlSpeci'ﬁcati_(;h-s‘ Tip/W Nr./Type Pov./Flache/Finish

ASTM A 240/A 240M/ED.04 ,ASTM A480 30414304 No.1
JM(4SECT.II PART A/ED-01 304L/304 ¢ No.1

ASME SA 480

ASM 5513 H

Kar. test/Int.krist.korr./Corrosian test
ASTM A262PRACTICE:OK

Obseg dobave / Umfang der Lieferung / Extent of mat. delivery

Poz.Pos.Jtem | Sarza/Schmelzen | St.plodée/Waltztafel | TeZa/Gowicht/ Dimenzije/Abmessungen/Dimensions | St.Stuck/Q. | St. V.Pr.
/Plate No Wieght Nr.
88502 2175 MDBTSKTox240 1 88502
88293 2485 1.000x79x240 1 88293
88294 2485 1.000x79x240 1 88294
Mehanske lastnosti’/Mechanische Eigenschaften/Mechanical properties
Stvzorca | Smer | Nap. Nap. Nat. Raztezek | Raztez | Trdota | Zill Zil2 Zil3 Temp.
Sample vzorca | tedenja 0.2 tegenja Trdnost AS % ck Hardne | Impact | Impact | Impact | °F
No. Positi | % 1% Tensile Elongatio | AS0% | ss FiLb FtLb FtLb
on Yield 02% | Yield KSI n Elongat | Rockw
K81 1% ion ell B
KSI HRcB N
88502 | P 40,74 48.86 86.41 56.1 81.0 86 255 259 259 68
88293 P 41.90 51.03 87.57 48.9 73.0 86 271 276 263 68
88294 | P 41.03 50.31 87.43 54.1 80.8 86 278 286 283 68
S
QY 3 LACRONI Y 1o
NI, d.o.0,
L :\Q ge"f' Borisa Kidhica 70 Jesenice
[ R 1 2 pr alsedifin il v Brangd
,;;T ; Slovenska Industrija jekla /\q M%%%i%%-%&%’ it
skuplna et Leajska dreia 18 OOW 5125590754

version 9.2.11 - page 189



ACRONI

piaA

ACRONI, d.0.0.

Cesta Borisa Kidri¢a 44
Sl - 4270 Jesenice

T: +386 4 584 10 00

F: +3864584 11 11

E: uprava@acroni.si

W: http://www.acroni.si

Potrdilo o prevzemu 3.1 / Abnahmepriifzeugnis 3.1 / Inspection Certificate 3.1
aniemo. - 31092103-1

Stran/Seite/Page 2/2

Kemitna analiza/Chemische Zusammensetzung/Chemical composition

Sarda %C %Si %Mn | %P %S %Cr %Co | %Ni %Mo | %Ti | %N %B

0.011 ] 0.31 | 1.56 | 0.035 | 0.002 | 18.13 | 0.08 | 8.16 0.0896 | 0.0006
2649429 0.014 | 0.34 | 1.51 | 0.040 | 0.001 | 18.15 | 0.11 | B8.15 0.0991 | 0.0005
Opombe/Remarks

HEAT TREATMENT : QUENCHED AT 1050°C, WATER QUENCHED

- YISUAL AND DIMENSIONAL CHECK : OK

- SPECTROMETER SORTING TEST ;: OK
- INTERGRANULAR CORROSION TEST ACCORDING TO

ASTM A .- 262 PRACTICE E : OK!

NO WELD REFPAIR,
MERCURY FREE.

n . ,.J-
.3:.‘ ‘g Slovanska industrifa Jekle

skupina yf*

A

ACRONI, d.o.0.
Cesla Borisa Kidri¢a 44, 427, Jesenic,
Clan skupine 51y

Member of Slovenian Spaet Group

Dyufiva g regratomans on okegilo)
Stmellica winkta |4 17200
D kagnia! driadbe: 6.623530 465,10 51
hlardna fleia: 5682418

Ideantibaafeua stevits 11 DLy SE25510754

¥ Kragu

version 9.2.11 - page 190
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BL TO-004716-001 11ApiC

Certificate of Mill Test Resulfs

PO/R«1 3913

JACQUET NO.
¢ -100497

JACQUET NO.
-10098

£3 w9

ThyassnRaupp Actisl Spociall Terd &pA. CEKTMTDDICQLLAUDG ENTITZ04/3.1 0745357 PRG. 1/ 4
kst dntae oo s Toesactnry S5ckssGrifl 14212001 i e L
THYSS
it imtas condewacata T e RECEPTION IHYS Eumﬁwrpyagcmx spﬁcx.;g.gurm
ASTM A 240/ :LA C G 420 S5 BANNOCKBURN TL
reCwTma- s — QRO ELENTE M e
= c Shoas sumere i om 60015 usa
COMIAAMDE OU CLENT 1,
BRSTELLIRE PY;
ASTM A 480/993 mmraaovcssa THYSSENKRUPP AST USA

=
O&F

- MISSISSAUGA WAREHOUSING LTD -

o : e MISSISSAUGA, ONTARIO L4Y 1Y6
sl STRINLESS STEEL PLATES FROM COIL M’;C3070557 0 CANADA
CORPOSIZIONE CHRMICA - CHEMIGAL COMPOSITION - COMPOSITION CHIMIGLE - CHEMISCHE ZUSAVENSETZUNG R accdD; AST 304DL
e | as %r % Ree wu 5 e am | £0 ] g % e, 304L
1.63 (.370}.029 1,001 [18.00 (28.000 |.41Q {.D64 270 ggﬁ

B0an=ns0ald 3o4L

PROCICER TRV - e K bl e
Ermcisll Bah

MARGUE CA PRODUCTELR

2ECHEN 26 LISFERVIERIS:

Material Eree ' from: Cuban origin Nickel- weld Tepaixr- mercury cont-rohs free mtl

FUPECTORSTAW,
MANDUE TR FESPUNSASLE
- e CHARGE:

513 C.P.C. INOX 5.p.A.
mmmawﬂso C s acousiese enp, oo

FROCESSD T SLARDRATICNE: B + 400+ £C

OLBERT METAL SALES INC
STAINLESS HR PLATE 304L
250" NOM X 60.0000" X 120.0000°

PART NO.

¥« WATER CODLING STEELMARING PROCESS wmwwmnmm
mrrelan- nﬁuﬁfﬂ mmme—. AR EAlS m_ﬂgua mcmewwu_.rrm qmmmmﬂ i
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o o R B H - i W | |
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c?21782 CIT 45 80 1.1 F2.0 B2.0 i
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Cc71783 | e|T 45 40 1.1 52.0 88.¢ ‘;
C71784 433806 240 X60,000X 120 7(1HMAC 3522 7T |T 45 30 2.1 53.4 88,0 1!
C71784 C|T| 45 30 1.1 52.0 Ba.0 £
C71785 432380€ 1240 X60.000X 120 7|1HAC| 3522 |T|T 45 50 ¥ e & 53.0 BR.C g
C731785 . clT| 45 80 Bi.1 €2.0 B3.¢ k
33806  ,240 X60.000X 120| 7{1NAC| 3518 |T|T| 45 50 F2.1 53.0 E_g.a E
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. S ‘tﬁ;l 02/26/09
ThyssenKrupp Materials NA
y PP \

Ken-Mac Metals Division S

ThyssenKrupp

CERTIFIED CHEMICAL & MECHANICAL ANALYSIS

Sold To: Midwest Imperial Steel Fab LLC Ship To: Midwest Imperial Steel Fab LLC
400 S. Lagrange Rd Unit C 400 S. Lagrange Rd Unit C
Frankfort IL 60423 Frankfort IL 60423

Customer PO Number: Y(08125-71222 Part No:

Ken-Mac Order/Item: 142430-1
Item Description S e

2.000 2.000 @BOANVANNS HRAP  HRAP

Heat /Lot : @¥RIM Mill Tag No : 10163
KM Stock No: 212321 Case Tickets: 194405

e Chemical Composition -------=--------“-------------= >
() (Mn) (P) (8) (si) (Cr) (Ni) (Mo) (Cu) (Al)
.0219 1.6931 .0298 .0006 .3500 18.3050 8.1300 L2711 .3712
it Mechanical Composition ------------mmmmmm e >

Tensile PSI: 86,490 Yield PSI: 38,460 Elongation: 64.4 Hardness as Shipped: 84RB

Total Pounds: 7 A Page 1

2P

Bob Harley - Corporatefyality_Mapager

To the best of our knowledge, the aformentioned material conforms to all applicable standards

1/



ThyssenKrupp Materials NA L8 1a/26/00

Ken-Mac Metals Division \ S
ThyssenKrupp

CERTIFIED CHEMICAL & MECHANICAL ANALYSIS

Sold To: Midwest Imperial Steel Fab LLC Ship To: Midwest Imperial Steel Fab LLC
400 S. Lagrange Rd Unit C 400 S. Lagrange Rd Unit C
Frankfort IL 60423 Frankfort IL 60423

Customer PO Number: Y08125-71222 Part No:

Ken-Mac Order/Item: 142430-2

¥ a

Item Description :"888%EY 12 000 25.000 BOAESANN HRAP  HRAP

Heat /Lot s ? Mill Tag No : 10018
KM Stock No: 212322 Case Tickets: 194406

e TR Chemical Composition =====----mmm oo oo >
(c) (Mn) (P) (s) (81) (Cr) (Ni) (Mo) (Cu) (Al)
.0180 1.7260 .0300 .0010 .3810 18.2080 8.2900 .3030 .3120
o R T S R R R Mechanical CompoOSition =---===---mmmm oo >

Tensile PSI: 87,350 Yield PSI: 37,640 Elongation: 60.0 Hardness as Shipped: 81.5RB

Total Pounds: 103 A Page 1

Bob Harley - Corporate fuality Mapager

To the best of our knowledge, the aformentioned material conforms to all applicable standards




ThyssenKrupp Materials NA @ gy 02/26/09

Ken-Mac Metals Division
ThyssenKrupp

CERTIFIED CHEMICAL & MECHANICAL ANALYSIS

Sold To: Midwest Imperial Steel Fab LLC Ship To: Midwest Imperial Steel Fab LLC
400 S. Lagrange Rd Unit C 400 S. Lagrange Rd Unit C
Frankfort IL 60423 Frankfort IL 60423

Customer PO Number: Y08125-71222 Part No:

Ken-Mac Order/Item: 142430-4
Item Description @887 5007 4.000 11.250 @304LNANN"HRAP HRAP

Heat /Lot : @¥R1™» Mill Tag No : 10163
KM Stock No: 212324 Case Tickets: 194408

S T S S Chemical Composition =---=s--socmm e n s >
(c) (Mn) (P) (s) (81) (Cr) (Ni) (Mo) (Cu) (Al)
.0219 1.6931 .0298 .0006 .3500 18.3050 8.1300 L2711 .3712

R Mechanical Composition ----=-----mmmmmm e >

Tensile PSI: 86,490 Yield PSI: 38,460 Elongation: 64.4 Hardness as Shipped: 84RB

Total Pounds: 108 A Page 1

Bob Harley - Corporatedruality - Mapager

To the best of our knowledge, the aformentioned material conforms to all applicable standards



- - o 02/26/09
ThyssenKrupp Materials NA 5
Ken-Mac Metals Division N
ThyssenKrupp
CERTIFIED CHEMICAL & MECHANICAL ANALYSIS
Sold To: Midwest Imperial Steel Fab LLC Ship To: Midwest Imperial Steel Fab LLC
400 S. Lagrange Rd Unit C 400 S. Lagrange Rd Unit C
Frankfort IL 60423 Frankfort IL 60423
Customer PO Number: Y08125-71222 Part No:
Ken-Mac Order/Item: 142430-3
Item Description : @EWEWSE0N 4.000 4.000 @@4dyANN HRAP  HRAP
Heat /Lot : (ES02asy Mill Tag No : 10199
KM Stock No: 212323 Case Tickets: 194407
e Chemical Composition ----------c--mmmmm e >
(C) (Mn) (P) (s) (si) (Cr) (Ni) (Mo) {Cu) (A1)
.0190 1.2900 .0280 .0030 .0370 18.0000 9.0500 .0110 .0210
e e e Mechanical Composition -------=------cmmmmmmm o >

Tensile PSI: 84,000 Yield PSI: 37,000 Elongation: 64.5 Hardness as Shipped: 76.5RB

Total Pounds: 29 A Page 1

el

Bob Harley - Corporateidduality -Majpager

To the best of our knowledge, the aformentioned material conforms to all applicable standards




ThyssenKrupp Materials NA %9 e S

Ken-Mac Metals Division

ThyssenKrupp
CERTIFIED CHEMICAL & MECHANICAL ANALYSIS
Sold To: Midwest Imperial Steel Fab LLC Ship To: Midwest Imperial Steel Fab LLC
400 S. Lagrange Rd Unit C 400 8. Lagrange Rd Unit C
Frankfort IL 60423 Frankfort IL 60423
Customer PO Number: Y08125-71222 Part No:

Ken-Mac Order/Item: 142624-1
Item Description {#88.999°

Heat/Lot: 264442 - Mill Tag No : 88225 .-{P 2
KM Stock No: 212984 Case Tickets: 194844

**%* CERTIFICATION INCOMPLETE *** - COULD NOT FIND ACTUAL CERTIFICATIONS

# /Lot: 264446 7 Mill Tag No : 88502 X (0
KM Stock No: 212983  Case Tickets: 194843

**% CERTIFICATION INCOMPLETE *** - COULD NOT FIND ACTUAL CERTIFICATIONS

Total Pounds: 434

=

Bob Harley - Corporale {luality Manager

To the best of our knowledge, the aformentioned material conforms to all applicable standards




i N 02/26/09
ThyssenKrupp Materials NA 2

Ken-Mac Metals Division

ThyssenKrupp

CERTIFIED CHEMICAL & MECHANICAL ANALYSIS

Sold To: Midwest Imperial Steel Fab LLC Ship To: Midwest Imperial Steel Fab LLC
400 S. Lagrange Rd Unit C 400 S. Lagrange Rd Unit C
Frankfort IL 60423 Frankfort IL 60423

Customer PO Number: Y08125-71222 Part No:

Ken-Mac Order/Item: 142431-3
Item Description : 'GENEEHSEY 3.000 5.000 @O4LVANN "HRAP  HRAP

Heat/Lot: @@Bﬁﬁ E] Mill Tag No : 10018
KM Stock No: 212325 Case Tickets: 194404

o i et e e Chemical ComposSition =====memmemc oo e e e e e >
(C) (Mn) (P) (s8) (81) (Cr) (Ni) (Mo) (Cu) (A1)
.0180 1.7260 .0300 .0010 .3810 18.2080 8.2900 .3030 .3120

R S R S S Mechanical CompoSition -----=----mommmmm e >

Tensile PSI: 87,350 Yield PSI: 37,640 Elongation: 60.0 Hardness as Shipped: 81.5RB

Total Pounds: 2 A Page 1

=R

Bob Harley - Corporgte Quality. Mapager

To the best of our knowledge, the aformentioned materiat conforms to all applicable standards

13



ThyssenKrupp Materials NA §8 BT valzesos

Ken-Mac Metals Division
ThyssenKrupp

CERTIFIED CHEMICAL & MECHANICAL ANALYSIS

Scld To: Midwest Imperial Steel Fab LLC Ship To: Midwest Imperial Steel Fab LLC
400 S. Lagrange Rd Unit C 400 S. Lagrange Rd Unit C
Frankfort IL 60423 Frankfort I, 60423

Customer PO Number: Y08125-71222 Part No:

Ken-Mac Order/Item: 142431-1

Item Description :g88pn260°» 6.000 CR 304k ANy HRAP HRAP

Heat /Lot : 0878998 Mill Tag No : 10099
KM Stock No: 212326 Case Ticketg: 194402

e e Chemical Composition ------------cccmmmmm oo >
(C) (Mn) (P) (s) (81) (Cr) (Ni) (Mo) (Cu) (Al)
.0300 1.6300 .0290 .0010 .3700 18.0000 8.0000 .4100 .2700

S e S s SRR S L s Sl s T Mechanical Composition -----------c--ccccmmmr e >

Tensile PSI: 90,000 Yield PSI: 45,000 Elongation: 52.1 Hardness as Shipped: 88RB

a‘d)p

Total Pounds: 4 A Page 1

Bob Harley - Corporatguality_Napager

To the best of our knowledge, the aformentioned material conforms to all applicable standards



IMPERIAL STEEL TANK COMPANY
3234 WEST 31ST STREET
CHICAGO, ILLINOIS 60623
Welding Procedure Specification (WPS)

WPS No.: WPS-02 ate: 1/18/1990 Rev.: 3 Date: 1/16/2004 Page:
By: r = Date Signed: Vi A2

Supporting PQR's: PQR-02

Welding Process(es) / Type(s): SMAW / Manual
Joints (QW-402)

Joint Design: Groove and fillet welds

Backing: With or without backing

1of2

Backing Material: CERAMIC or SIMILAR METAL

60 10 75 deg.

T CINAS

| . ’ U |

1/32" to 1/16" ——»]

d
N

SQUARE GROOVE SINGLE VEE GROOVE

Fillet Welds: All fillet sizes on all base metal thicknesses and all diameters.

Retainers: None
WELD JOINT DESCRIPTIONS SHOWN ARE NOT INCLUSIVE OF ALL THOSE FOUND ON A JOB. WELD JOINT DESIGNS
REFERENCED IN AN ENGINEERING SPECIFICATION OR A DESIGN DRAWING SHALL TAKE PRECEDENCE OVER WELD

JOINT DESIGNS SHOWN IN THIS WPS.

Base Metals (QW-403)
P-No.: 8 Group No.: 1 Thickness Range (in.): 0.0625 to 0.7500

to P-No.: 8 Group No.: 1

Minimum preheat must be maintained during thermal cutting, tacking, and welding operations.
Welds shall be cleaned between each pass. When completed, remove all slag and projections.

Filler Metals (QW-404)
Spec. No. (SFA): 54
AWS No. (Class): E308-17

FNo.: 5 ANo.: 8
Weld Metal Thickness Range: 0.0625 to 0.7500 in. _No Pass Greater Than ¥2" Allowed
Flux Type: N/A

Flux Trade Name: N/A
Consumable Insert: N/A
Other:

C-WPSIX-A-WPWS22
Form 2003 - Rev. ¢

version 9.2.11 - page 199



IMPERIAL STEEL TANK COMPANY
Welding Procedure Specification (WPS)

WPS No.: WPS-02 Date: 1/18/1990 Rev.: 3 Date: 1/16/2004 Page: 2of2
Positions (QW-405) Postweld Heat Treatment (QW-407)
Position of Joint: Flat & Horizontal Type: No PWHT will be performed
Weld Progression: N/A Temperature Range: ‘ None °F |l
Preheat (QW~406) Time Range: None
Preheat Temp. Min.: 50 °F | Gas (QW-408)
Interpass Temp. Max.: N/A °F Gas Composition / Flow Rate
Preheat Maintenance: None Shielding: N/A
Trailing: N/A
Backing: N/A
Electrical Characteristics (QW-409)
Current Type / Polarity: DCEP (reverse)
Tungsten Electrode Type and Size: N/A
Mode of Metal Transfer for GMAW: N/A
Max. Heat Input (J/in): None
Technique (QW-410)
String or Weave Bead: String and weave bead
Initial and Interpass Cleaning: With Stainless steel brush clean 2 inches (50mm) on both sides of weid joint
Method of Back Gouging: When required, grind until all defects are removed.
Oscillation: N/A
Contact Tube to Work Distance: N/A
Single or Multiple Passes (per side): Multipass
Single or Multiple Electrodes: N/A
Peening: None
Process Welding Parameters
Weld Filler Metal Current Travel
Layer(s) Speed
and/or Diameter Type/ Amperage Voltage Range
Pass(es) Process Class (in.) Polarity Range Range (in/min )
Any SMAW E308-17 3/32 DCEP (reverse) 60-90 n/r Var.
Any SMAW E308-17 1/8 DCEP (reverse) 80-120 n/r Var.
Any SMAW E308-17 5/32 DCEP (reverse) 110-160 n/r Var.
Any SMAW E308-17 3/16 DCEP (reverse) 155-210 n/t Var.

C-WPSIX-A-WPW522
Form 2003 - Rev. 0

version 9.2.11 - page 200



IMPERIAL STEEL TANK COMPANY
3234 WEST 31ST STREET
CHICAGO, ILLINOIS 60623
Procedure Qualification Record (PQR)

PQR No.: PQR-02 WPS No.: WPS-02 Date: 12/4/1980 Page: 10f2
Welding Process(es) / Type(s): SMAW / Manual
Joints (QW-402)
Weld Type: Groove weld
Single-V groove
Backing: Back-gouged and back welded Groove Angle
Root Opening: 1/16" in. Root Face: 1/8" in.
Groove Angle: 70 ° m
T_ !
[ Root Face
Root Opening
SINGLE VEE GROOVE
Base Metals (QW-403) Postweld Heat Treatment (QW-407)
Material Spec., Type or Grade: Type: No PWHT performed
SA-240, Type 304 to SA-240, Type 304 Temperature: None °F
PNo.: _8 GroupNo.: _1 to P-No.: _8 GroupNo.: _1 | Time: None hr
Thickness of Test Coupon (in.): __ 0.375 Gas (QW~408)
Filler Metals (QW-404) Gas Composition / Flow Rate
SFA Specification: 5.4 Shielding: N/A
AWS Classification: E308-17 Trailing: N/A
Filler Metal F-No: § Backing: N/A
\Yeld Mc.ta : Analysns'A-No: 8 Electrical Characteristics (QW-409)
Size of Filler Metal (in.): 1/8 Current / Polarity: DCEP (reverse)
Weld Deposit 't' (in.): 0.375
Pass Greater Than %2": No Amps: 80- 120
Volts: 32-36
Positions (QW-405) Tungsten Type / Size: N/A
Position of Joint: 2G - Horizontal Heat Input: N/R
Weld Progression: N/A Technique (QW-410)
Preheat (QW-406) Travel Speed (in/min): MANUAL
Preheat Temp.: 50 °F | String/Weave Bead: String and weave bead
Interpass Temp.: N/A °F | Oscillation: N/A
Mult./Single Pass (per side): Multlpass
Mult./Single Electrode: N/A
(1) INITIAL CLEANING - WIRE BRUSH / SOLVENT; INTERPASS CLEANING - WIRE BRUSH
SECOND SIDE - GRIND TO SOUND METAL BEFORE DEPOSIT WELDING; NO PEENING

C-PQRIX-A-WPW522
Form 2003 - Rev. 0

version 9.2.11 - page 201



PQR No.: PQR-02

IMPERIAL STEEL TANK COMPANY
Procedure Qualification Record (PQR)

Tensile Test (QW-150)

Page: 20f2

Width Thickness Area Ultimate Total Ultimate Stress Failure Type
Specimen No. (in.) (in.) (in*) Load (Ib) (PSI) and Location
#1 1.554 0.402 0.625 51500 82400 Base metal
#2 1.585 0.384 0.6086 51000 83800 Base metal
Guided Bend Test (QW-160)

Figure Number and Type Result Figure Number and Type Result
QW-462.3(a) Face bend Acceptable QW-462.3(a) Root bend Acceptable
QW-462.3(a) Face bend Acceptable QW-462.3(a) Root bend Acceptable

None None
Welder's Name: Bruno Wolyniec ID: 22 Stamp: 22

PQR was done and welding of

coupon was witnessed by:

IMPERIAL STEEL TANK COMPANY

Tests Conducted By:  Pittsburgh Testing Laboratory
We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the

requirements of Section IX of the ASME Code.

Reproduced By:

Test ID.: 7757

L oary, Fecrin

[~/ -0 Engineer

Steven Williams

Date

K THI? PER 15 A ReProlocTion oF ThHE Al R4

CREATED 100 1950 FY Cokysrofutes MATU £47 7T

Pl 25 7t ot ARE WAy ggrs on ALk isT

%ﬂ/

St

C-PQRIX-A-WPWS52.2
Form 2003 - Rev. 0

version 9.2.11 - page 202



IMPERIAL STEEL TANK COMPANY

— 3234 WEST 3IST-STREET
CHICAGO, ILLINOIS 60623
Welding Procedure Specification (WPS)

WPS No.: WPS-03 Date; 12/18/1980 Rev.: 1 Date: 1/19/2004 Page: 1of2
By: W%M%/’ Date Signed: | A

Supporting PQR's:  PQR-03
Welding Process(es) / Type(s): SMAW / Manual

Joints (QW-402)

Joint Design: Groove and fillet welds - _
Backing: With or without backing ~ Backing Material: Ceramic or Similar Metal

60 to 75 deg.
; 4

T T |
\ . y I ]
1/16" to 1/8"
1/32" to 1/16" ——&| |[4¢— 1/32" to 1/16"

SQUARE GROOVE SINGLE VEE GROOVE

7

Fillet Welds: All fillet sizes on all base metal thicknesses and all diameters.

Retainers: None
WELD JOINT DESCRIPTIONS SHOWN ARE NOT INCLUSIVE OF ALL THOSE FOUND ON A JOB. WELD JOINT DESIGNS
REFERENCED IN AN ENGINEERING SPECIFICATION OR A DESIGN DRAWING SHALL TAKE PRECEDENCE OVER WELD

JOINT DESIGNS SHOWN IN THIS WPS.

Base Metals (QW-403)
P-No.: 1 Group No.: 1 Thickness Range (in.): 0.0625 to 0.7500

to P-No.: 8 Group No.: 1

Minimum preheat must be maintained during thermal cutting, tacking, and welding operations.
Welds shall be cleaned between each pass. When completed, remove all slag and projections.

Filler Metals (QW-404)
Spec. No. (SFA): 5.4

AWS No. (Class): E309-16
FNo.: 5 ANo.: 8

Weld Metal Thickness Range: 0.0625 to 0.7500 in. No Pass Greater Than '2" Allowed
Flux Type: N/A

Flux Trade Name: N/A

Consumable Insert: N/A

Other:

C-WPSIX-A-WPWS5.22
Form 2003 - Rev. 0

version 9.2.11 - page 203



IMPERIAL STEEL TANK COMPANY
Welding Procedure Specification (WPS)

WPS No.: WPS-03 Date: 12/18/1980 Rev.: 1 Date: 1/19/2004 Page: 20f2
Positions (QW-405) Postweld Heat Treatment (QW-407)
Position of Joint: Flat & Horizontal Type: No PWHT will be performed
Weld Progression: N/A Temperature Range: None °F
Time Range: None
Preheat (QW-406)
Preheat Temp. Min.: 50 °F | Gas (QW-408)
Interpass Temp. Max.: - °F Gas Composition / Flow Rate
Preheat Maintenance: None Shielding: N/A
Trailing: N/A
Backing: N/A
Electrical Characteristics (QW-409)
Current Type / Polarity: DCEP (reverse)
Tungsten Electrode Type and Size: N/A
Mode of Metal Transfer for GMAW: N/A
Max. Heat Input (J/in): None
Technique (QW-410)
String or Weave Bead: String and weave bead
Initial and Interpass Cleaning: With wire brush clean 1 inch (25mm) on both sides of weld joint
Method of Back Gouging: When required, grind until all defects are removed.
Oscillation: N/A
Contact Tube to Work Distance: N/A
Single or Multiple Passes (per side): Multipass
Single or Multiple Electrodes: N/A
Peening: None
Process Welding Parameters
Weld Filler Metal Current Travel I
Layer(s) Speed
and/or Diameter Type/ Amperage Voltage Range
Pass(es) Process Class (in.) Polarity _Range Range | (in/min) |
Any SMAW E309-16 3/32 DCEP (reverse) 60-90 n/r Var.
Any SMAW E309-16 1/8 DCEP (reverse) 80-120 n/r Var,
Any SMAW E309-16 5/32 DCEP (reverse) 110-160 wr Var.
Any SMAW E309-16 3/16 DCEP (reverse) 155-210 n/r Var.

C-WPSIX-A-WPWS522
Form 2003 - Rev. 0

version 9.2.11 - page 204



IMPERIAL STEEL TANK COMPANY
3234 WEST 31ST STREET
CHICAGO, ILLINOIS 60623
Procedure Qualification Record (PQR)

PQR No.: PQR-03 WPS No.: WPS-03 Date: 12/4/1980 Page: 10f2
Welding Process(es) / Type(s): SMAW / Manual
Joints (QW-402)
Weld Type: Groove weld
Single-V groove
Backing: Back-gouged and back welded Groove Angle
Root Opening: 1/16" in. Root Face: 1/8" in.
Groove Angle: 70 °
! e
| ‘ L Root Face
Root Opening
SINGLE VEE GROOVE
Base Metals (QW-403) ~ Postweld Heat Treatment (QW-407) ! ’
Material Spec., Type or Grade: Type: No PWHT performed
SA-285, Grade C to SA-240, Type 304 Temperature: None °F
P-No. _1 GroupNo.: _1_to P-No.. _8 GroupNo.: 1 _ Time: None hr
Thickness of Test Coupon (in.): . 0.375 Gas (QW-408)
Filler Metals (QW-404) Gas Composition / Flow Rate
SFA Specification: 5.4 Shielding: N/A
AWS Classification: E309-16 Trailing: N/A
Filler Metal F-No: 5 Backing: N/A
Weld Me.tal AnalyS|s'A-No: i Electrical Characteristics (QW-409)
Size of Filler Metal (in.): 1/8 .
. s Current / Polarity: DCEP (reverse)
Weld Deposit 't' (in.): 0.375
Pass Greater Than ¥;": No Amps: 80 - 120
Volts:
Positions (QW-405) Tungsten Type / Size: N/A
Position of Joint: 2G - Horizontal Heat Input: N/R
Weld Progression: N/A Technique (QW-410)
Preheat (QW-406) Travel Speed (in/min): MANUAL
Preheat Temp.. 50 °F | String/Weave Bead: String and weave bead
Interpass Temp.: °F | Oscillation: N/A
Mult./Single Pass (per side): Multipass
Mult./Single Electrode: N/A

C-PQRIX-A-WPW52.2
Form 2003 - Rev. 0

version 9.2.11 - page 205



PQR No.: PQR-03

IMPERIAL STEEL TANK COMPANY
Procedure Qualification Record (PQR)

Tensile Test (QW-150)

Page: 2002

Width Thickness Area Ultimate Total Ultimate Stress Failure Type
Specimen No. (in.) (in.) (in%) Load (Ib) (PSI) and Location
#1 1.48 0.380 0.5624 34500 61300 Base metal
#2 1.482 0.380 0.5632 35500 63000 Base metal
Guided Bend Test (QW-160)

Figure Number and Type Result Figure Number and Type Result
QW-462.3(a) Face bend Acceptable QW-462.3(a) Root bend Acceptable
QW-462.3(a) Face bend Acceptable QW-462.3(a) Root bend Acceptable

None None
Welder's Name: Bruno Wolyniec ID: 22 Stamp: 22

PQR was done and welding of
coupon was witnessed by:

IMPERJAL STEEL TANK COMPANY

Tests Conducted By:  Pittsburgh Testing Laboratory

Test ID.: 7756

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the

requirements of Section IX of the ASME Code. )
Ty oerse

Steven Williams

Reproduced By:

/- ’/f'ﬁ)‘ Engineer

Date

*

* JHI PAR 15 A RERobvcTIon OF THE ofsiedt Ao
CREATED [& /520 [7F Coprore e AT bl 7T 5
CFTHE ORlisnnme sl AA e tIL . o by

oI Fr

AT
’/, /9/2

C-PQRIX-A-WPWS5.2.2
Form 2003 - Rev, 0

version 9.2.11 - page 206



IMPERIAL STEEL TANK COMPANY
3234 WEST 31ST STREET
CHICAGO, ILLINOIS 60623

Welding Procedure Specification (WPS)
WPS No.: WPS-28 Date: 5/30/1990 Rev.: 1 Date: 3/24/2004 Page: 1o0f2
By =~ 75 % Date Signed: __F-24-25
Supporting PQR' PQR-28
Welding Process(es) / Type(s): FCAW / Semiautomatic
Joints (QW-402)

Joint Design: Groove and fillet welds
Backing: With or without backing Backing Material: Ceramic or Similar Metal

60 to 75 deg.

3
T
\ L—— / | L—T—
1/16" to vs"
1/32" to 1/16" ——>| 1/32" to 1/16" ————|

SQUARE GROOVE SINGLE VEE GROOVE

/

Fillet Welds: All fillet sizes on all base metal thicknesses and all diameters.

Retainers: None
WELD JOINT DESCRIPTIONS SHOWN ARE NOT INCLUSIVE OF ALL THOSE FOUND ON A JOB. WELD JOINT DESIGNS
REFERENCED IN AN ENGINEERING SPECIFICATION OR A DESIGN DRAWING SHALL TAKE PRECEDENCE OVER WELD

JOINT DESIGNS SHOWN IN THIS WPS.

Base Metals (QW-403)
P-No.: 8 Group No.: 1 Thickness Range (in.): 0.0625 to 0.7500

to P-No.: 8 Group No.: 1 ;

Minimum preheat must be maintained during thermal cutting, tacking, and welding operations.
Welds shall be cleaned between each pass. When completed, remove all slag and projections.

Filler Metals (QW-404)
Spec. No. (SFA): 5.22

AWS No. (Class): E308LTO0-1
FNo.: 6 ANo.: 8

Weld Metal Thickness Range: 0.7500 in. maximum _No Pass Greater Than 2" Allowed
Flux Type: N/A

Flux Trade Name: N/A

Consumable Insert: N/A

Other:
Product Form: Flux cored
Supplementa! Filler Metal: NONE

C-WPSIX-A-WPW5.2.2
Form 2003 - Rev. 0
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IMPERIAL STEEL TANK COMPANY
Welding Procedure Specification (WPS)

WPS No.: WPS-28 Date: 5/30/1990 Rev.: 1 Date: 3/24/2004 Page: 20f2
Positions (QW-405) Postweld Heat Treatment (QW-407)
Position of Joint: All Positions Type: No PWHT will be performed
Weld Progression: Any Temperature Range: None °F
Preheat (QW-406) Time Range: None
Preheat Temp. Min.: 50 °F | Gas (QW-408)
Interpass Temp. Max.: N/A E Gas Composition / Flow Rate
Preheat Maintenance: None Shielding: 75% Argon, 25% CO2 /23-48 CFH
Trailing: None
Backing: None
Electrical Characteristics (QW-409)
Current Type / Polarity: DCEP (reverse)
Tungsten Electrode Type and Size: N/A
Mode of Metal Transfer for GMAW: Spray arc
Max. Heat Input (J/in): None
Technique (QW-410)
String or Weave Bead: String and weave bead
Orifice or Gas Cup Size: 3/8" to 5/8"
Initial and Interpass Cleaning: With Stainless steel brush clean 2 inches (50mm) on both sides of weld joint
Method of Back Gouging: When required, grind until all defects are removed.
Oscillation: N/A
Contact Tube to Work Distance: 3/4(19mm)-1"(25mm).
Single or Multiple Passes (per side): Multipass
Single or Multiple Electrodes: N/A
Peening: None
Process Welding Parameters
Weld Filler Metal Current Travel
Layer(s) Speed
and/or Diameter Type/ Amperage Voltage Range
Pass(es) Process Class (in.) Polarity Range Range (in/min )
Any FCAW E308LTO-1 0.035 DCEP (reverse) 120-200 19-24 Var.
Any FCAW E308LTO-1 0.045 DCEP (reverse) 150-225 22-26 Var.
Any FCAW E308LTO0-1 1/16 DCEP (reverse) 175-275 25-28 Var.
Any FCAW E308LTO0-1 5/64 DCEP (reverse) 200-400 26-32 Var.
Any FCAW E308LTO-1 3/32 DCEP (reverse) 300-500 26-34 Var.

C-WPSIX-A-WPWS22
Form 2003 - Rev. 0
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IMPERIAL STEEL TANK COMPANY
3234 WEST 31ST STREET
CHICAGO, ILLINOIS 60623
Procedure Qualification Record (PQR)
PQR No.: PQR-28 WPS No.: WPS-28 Date: 3/24/2004 Page: 1of2
Welding Process(es) / Type(s): FCAW / Semiautomatic

Joints (QW-402)
Weld Type: Groove weld
Single-V groove
Backing: Back-gouged and back welded Groove Angle
Root Opening: __ 1/16"___ in. Root Face: 1/8" in.,
Groove Angle: 70 °
! ‘
\ L [}
Root Face
Root Opening
SINGLE VEE GROOVE
Base Metals (QW-403) Postweld Heat Treatment (QW-407)
Material Spec., Type or Grade: Type: No PWHT performed
SA-240, Type 304 to SA-240, Type 304 Temperature: None °F

P-No.: _8 Group No.: 1 toP-No.:_8 GroupNo.: __1 |[Time: None hr
Thickness of Test Coupon (in.): 0.375 Gas (QW-408)
Filler Metals (QW-404) Gas Composition / Flow Rate
SFA Specification: 5.22 Shielding: 75% Argon, 25% CO2 /25 - 40 CFH
AWS Classification: E308LT0-1 Trailing: None
Filler Metal F-No: 6 Backing: None
Wielt Mctil AmBlySisA-No: 3 Electrical Characteristics (QW-409)
Size of Filler Metal (in.): 0.045 .
Weld Deposit ¢ (in.): 0.375 Current / Polarity: DCEP (reverse)
Pass Greater Than %:": No Amps: 233
Filler Metal Product Form: Flux cored Volts: 24. z
Supplemental Filler Metal: NONE Tungsten Type / Size: N/A

Transfer Mode: Spray arc
Positions (QW-405) Heat Input: N/R

Travel Speed (in/min): 12-18
Preheat (QW-406) String/Weave Bead: String and weave bead
Preheat Temp.: 50 °F | Oscillation: N/A
Interpass Temp.: N/A F | Mult./Single Pass (per side): Multipass

Mult./Single Electrode: N/A

C-PQRIX-A-WPWS52.2
Form 2003 - Rev. 0
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PQR No.: PQR-28

IMPERIAL STEEL TANK COMPANY
Procedure Qualification Record (PQR)

Tensile Test (QW-150)

Page: 2002

Width Thickness Area Ultimate Total Ultimate Stress Failure Type

Specimen No. (in.) (in.) (in?) Load (Ib) (PSI) and Location

28-Tl 0.719 0.334 0.240 22100 92083 Ductile - WM

28-T2 0.738 0.352 0.259 24000 92664 Ductile - WM
Guided Bend Test (QW-160)

Figure Number and Type Result Figure Number and Type Result
QW-462.2 Side bend Acceptable QW-462.2 Side bend Acceptable
QW-462.2 Side bend Acceptable QW-462.2 Side bend Acceptable

None None
Welder's Name: Rosa Sr, Felix ID: 1050 Stamp: 1050
PQR was done and welding of
coupon was witnessed by: IMPERIAL STEEL TANK COMPANY
Test ID.: 5100

Tests Conducted By: CALUMET TESTING SERVICES

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the

requirements of Section IX of the

Prepared By:

ASME Code.

., Posflae

& Z2d-0¥ Engineer

Steven Williams

Date

C-PQRIX-A-WPWS22
Form 2003 - Rev. 0
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cls

Calumet Testing Services

1945 N. Griffith Bivd.
Griffith, Indiana 46319
(219) 923-9800—(708) 474-5860

X TENSILE TEST REPORT

X BEND TEST REPORT
HARDNESS TEST REPORT
CUSTOMER: Imperial Steel Tank Company JOB NO. 5100
SAMPLE PQR-28, WPS-28, WPQ1050-28
CODE ASME Sec. IX EDITION 2001/2003
TENSILE RESULTS:
Specimen Width Thickness | Area Yield Load Max. load Yield Strength | Ultimate Strength
No. inch inch Sq. in. (Ib.) (Ib.) (psi) (psi)
28-T1 0.719 0.334 0.240 N/A 22,100 N/A 92,083
28-T2 0.738 0.352 0.259 N/A 24,000 N/A 92,664
Specimen ELONGATION Diameter
No. (% inch) (inch) Character & Location of Fracture
28-T1 N/A N/A Ductile/Weld metal
28-T2 N/A N/A Ductile/Weld metal
BEND RESULTS: Figure No. QW-462.2
28-A 28-B 28-C 28-D
Side Bend Acceptable Side Bend Acceptable Side Bend _ Acceptable Side Bend __ Acceptable
Root Bend N/A Root Bend N/A Face Bend N/A Face Bend N/A
HARDNESS RESULTS: N/A

(Mf;z VA

John A. Korienek

March 24, 2004
Date
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VII. C. Nameplate Photograph

%
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Established 1952 Leaders in ASME Pressure Vessel Construction

September 1, 2009

FERMI LAB
Kirk Road & Wilson Street
Batavia, IL 60510

SUBJECT: Liquid Argon Tank ME-444715, FERMI LAB P.O. 583306, MIFAB JobY08-125

Dear Sir,
We certify that the design, materials, fabrication and workmanship on the subject tank conforms
to the requirements of API 620, Design and Construction of Large, Welded, Low-pressure

Storage Tanks.

The subject tank was also inspected upon completion and pressure tested to a minimum test
pressure of 3.75 psig. To the best of our knowledge the tank complies with the applicable sections

of API 620.
Regards,

S

Steven Williams
Engineering Manager

400 South La Grange Road, Suite C, Frankfort, IL. 60423 815.469.1072 815.469.1075 fax
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VIII. TESTING
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LAPD tank inspection

¢ Company: Midwest Imperial Steel Fabricators
¢ Contact: Sal Cerda

¢ Phone 815-469-1072
[ J

address: 400 South LaGrange Road, Frankfort, IL. 60423

The goal is to gather information to make sure the tank is built correctly. If there is a
discrepancy or misunderstanding it may be discussed with Midwest, but any disputes will
be settled through purchasing. The cleanliness inspection will be done later.

Safety

12

¢ Do not enter the tank

® Take ear protection with you

¢ Wear work boots, this is a steel fabrication shop

* Welding may be going on nearby

® Midwest should provide ladders and help with measurements. Don’t climb
anywhere insecure.

. Check that the fittings and features on drawing Y08-125-1 are the right size. This

includes all nozzles listed A through T. It is not necessary to measure their exact
location on the tank unless they appear to be way off.

. If the tank is on a level floor, check the fitting level in two directions.

. Look inside for the mounting clips, probably not all are visible.

. Make sure lifting lugs are installed at the top of the shell. ' p/

. Measure the circumference of the tank within 18 inches of the bottom. 4 | 'l

. Measure the height from the highest flange to the bottom gf the tank. — /53 «/
. Look for scratches or other visible damage in general.

. If flange faces are accessible, inspect for scratches or damage on sealing surfaces. v_

. Make sure the vessel has eight anchor chairs. Measure the centerline distance

between them. Check each one.

. Take plenty of pictures, including the nameplate.
. Ask for a copy of their test results detailed in section 5 of the specification
. Notice the general cleanliness inside the tank.

|INJPECTI0M Y  ToHa V012K
i Jecoumorn 7. o §- -0

/B
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USIWO# 4 SRS 17

Report Page [ of l

= Date:  4-/4-09
US ON Customer: ‘ !
ACUREN "= [ ‘anapoli
1304 Sadlier Circle West Drive PO#: I3 7 s
Indianapoiis, IN 46239 Location: ave; Faly STnp
Phone: 317-890-9729 Description:
Fax 317-890-890-8577 100% insp v Spotinsp. —
Technique Data
Serial # or Piece # Insp. Specification
Customer WO # Ya%128 RT Procedure: T- 10
Acceptance Stand. QSME vIl
Weld # Film # Acc. Rej. Code Remarks RTTech used below. vy 5 V' £
. N - MQJL
1 0-] AP 296 — ® = | Source
-2l T3 L. 3= 3.5) =
2-3 g Fa ¥ Lo = 3.1 Peno
a-\s{ ; 13 ﬁ d- 310
. e &0 - 3.l0 -
‘S‘G: / 1 So - 3. .00 p H 5 (@0 Source
-7 | £s | 262 - 2.95
- M AR 208 P 7 R I
N Y8 - 3o =
Q10 / P | 2.¢s- 3e0 © ? 0H & (©° Souree
4ol O-) | v 485 - > -
[~ 1 223 -~ 3.00 Source P
&3, £ > - ;‘ 21 ' E \\ Source
R4 7 302~ 3 ® E @) ®|g
> | p-1 |/ EX Ty tf ~ .
I- If - '—'E& Pene
R TF Pene
2. / Source Positioned
Z/_ < v in Center of Pipe
P {
ALY o=} /s 4 Material: QS ]S
/-2 [V Pipe Size: _YOWLLQB&M Thk.t . 250
2-3 1 ¥ Process: SMAW X GTAW GMAW X
2-Y . FCAW: SAW X Other
Y-5< 1 v Source  Isotope Curigs
y Physical Size: * KVP/MA rLA
LS O~/ | &5 FHlS Exposure Time:  {q 3N sg s SFD: /S
. ) Film/Object Inches: +act
(-] n=1 V4 ) Geometric Unsharpness: Ry Ye
7 4 b Pene Type / Size: ASTM 18
_'23 v Material: Placement %
A-Y Shims:  Material: Thickness e DD
- Marker/# Belt '
LA Y Film: Brand: QAGECH Type:
s 2 A Sze: 34X 17 Load: 1 '
79 |V A -S%Q Emulsion(s) number:: '
-0 | v - Screens: Front  _,~ @ D Back: {00
Backing: ~
Viewing  Single: Double —
Denstty (Pen.) U8 - 372
Density (weld) min.max /D ~ 38O
A

P-Porosity

C-Crack

IF-Incomplete Fusion
IP-Incomplete Penetration
S-Surface

ElElongated Indication

SkSlag Inclusion  Ti-Tungsten Inclusion
BT-Bum Through CV-Root Concavity
MT-Melt Through  CX-Root Convexity
UC-Undercut OX-Oxidation
FA-Film Artifact ~ SK-Shrinkage

=
1 (E.Q@@
Radiographer

chairiufﬂx Q.A - Faith=

Interpreter

\V

- H-0R

The test report shall not be reproduced except in full, without the written approvs! of the Iaborstory; and the recording of faise, fictitious,
or fraudulent statements or antrias on the certificate may be punished as a felony under faderal law. Resuits are related only to items tested.
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Usiwo# 1S | Report Page*lmf po I 415709
//‘ Date: - - )
USInsr?c'i;'[m) Customer: M

~

ACUREN - N '

1304 Sadlier Circle West Drive PO#: i
Indianapolis, IN 46239 Location: ~
Phone: 317-890-9729 Description: A+t U\ N2

Fax 317-890-890-8577 : © 1100% Insp V4 - Spot Insp. ==

Technique Data

Serial # or Piece # Voacious Insp. Specification A SM E —
Customer WO # Nog1a 9 RT Procedure: T- - v |0
Acceptance Stand.
Weld # Film # Acc. Rej. Code Remarks RT Tech. used below: *
LT3R 1-2 X [ZF ® | Segee
23 X ~ H Pane
LERL -1 VAW E == -
Q.’A’ ,—-S" 7 ;P @p 0 ’:‘ 8 (©050um
Aé 4 L Jx - =
@ p 0 ] & (@O Source

)

©

Film
b g

©

X
Ve
§

(

-1 Pene

Pene

Source Positioned

in Center of Pipe
Material: 8/ ;
Pipe Size: Wall Thk,
Process: SMAW X GTAW (D ' GMAW X
FCAW: SAW X Oth%q
Source Isotope Lo 353 Curies
Physical Size: 189 KVPMA NIA
Exposure Time: SFD: 1 5
Film/Object Inches: ct
Geometric Unsharpness: 4&_&_
Pene Type / Size:

Material: SS _ Placement &

Shims: Material: £S5 Thickness _ . QD
Marker/it Belt .

Film: Brand:

Size:
Emulsion(s) number::

Screens:  Front: 1003 Back: LoD

Backing: —

Viewing  Single: v Double e
Oenstty (Pen.) — _ Zo-440
Density (weld) min.max R0 — Y. O
P-Porosity Sk-Slag Inclusion  Tl-Tungsten Inclusion
C-Crack BT-Bumn Through  CV-Root Concavity 1 . x

IF-incomplete Fusion MT-Melt Through  CX-Root Convexity Radiographer

IP-Incomplete Penetration UC-Undarcut OX-Oxdation ~ .
S-Surface FAFilm Atifact  SK-Shrinkage 2 . x (Q.A-Fa
El-Elongated Indication Interpreter ;

A-14709

The test repart shall not be reproduced except in full, without the written appraval of the laborstory; and the recording of faise, fictitious,
or fraudulent statements or entries on the certificate may be punished as a felony under federal inw. Results are relsted only to items tested.
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USIWO #
- P Customer:
ACUREN US&%&"“‘)
1304 Sadlier Circle West Drive PO#:
Indianapolis, IN 46239 Location:
Phone: 317-890-9729 Description:
Fax 317-890-890-8577 100% Insp Spot Insp. mengetl
Technique Data
Serial # or Piece # Insp. Specification f
Customer WO # RT Procedure; o
Acceptance Stand. /1
Weld# Film # Acc. Rej. Code Remarks RT Tech. used below: wony
L-a |o-] |V Source
/-2 v O) u gl o
2-3 v = B =
3-4 v Panea
e
5 "
] 4 0 & Source
o~ ? v .
» \‘; U
- /O =l s
o & Source
[ °f 1 ¢ O
1112 U
-, v, A -
yEZ v Source : s .
2945 |\ ' i “~._ Source
o, E ) h
2R ® :( ) @k e
'l 7'/ \/ el : k e
18- \/ P L™ Pene
12-20 |V FA ene
vd v Source Positionad
“2)-27 \/ in Canter of Plpe
4 v
& | Material: 5ZS
HN-a25 |V P Pipe Size: e Wall Thk. .?ﬂe
252 |V, : Process: SMAW X GTAW X GMAW X
vALV4 FCAW: SAW X Other
22-8 Vv Source  Isolope Jr JQ ) Curies 99
28-0 |/ Physical Size: D KVPMA -—_
Exposure Time: Zrisa, SFD: “
Fim/Object Inches:
Geometric Unsharpness:
Pene Type / Size:
Material: Placement s/
Shims: Material: Thickness
Marker/# Bett P_A;i"g
Film: Brand: Type: 0Ds
Size: LS5¥%/ 2 _Load: D
Emulsion(s) number:: Hs
Screens: Front: _._Q/_Q_Back: . 7
Backing: ——
Viewing  Single: ] 2~ Dauble e
Density (Pen.) -3, (s
Density (weld) min%_—__q_b___ ,,'?‘)'l.;-,
P-Porosity Sk-Slag Inclusion  TI-Tungsten Inclusion
C-Crack BT-Bum Through CV-Root Concavily A ‘
IF-Incomplete Fusion MT-Melt Through  CX-Root Convexity
IP-Incomplete Penetration UC-Undercut OX-Oxidation
S-Surface FA-Film Artifact SK-Shrinkage
El-Elongated Indication

The test report shall not be reproduced pt in full, without the written approvai of the laboratory; and the recording of faise, fictitious,
or fraudulent statements or entries on the certificate may be punished as 2 felony under federal law. Results are related only to items tested.
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1304 Sadlier Circle West Drive
Indianapolis, IN 46239

Phone: 317-890-9729

Fax. 317-890-890-8577

usiwo# /.
Date:
Customer:

PO#:
Location:
Description:
100% Insp

Spot Insp.

Serial # or Piece #

Technique Data

Customer WO #

Insp. Specification
RT Procedure: <

Acceptance Stand. mEe 7Y
Weld # Film # Acc. Rej. Code Remarks RT Tech, used below: D L E
C"S o '.- \/ Source
s Y - 48 O,F
3~ q \/ Pene
-S |/
fs 0FTE} (O
9 |V
96—? 0 [V U
}0—/[ \/ @ é) D - & (@O Source
112 [/, B
12-13 1V | 7] -
13. ﬂ \/‘ Source : A R
)q-;’s \x; ® & ‘ 2 ~._ Source
Iz £ ) : o
267 [/ [ |PS u(¢® ©oid
1728 |/ 3 |~ 1 9%
18-} v s | Li" Pene
’ m J v. Pane
310' Zl / Source Positioned
- 7 T, in Center of Pipe
223 |
232 | Material: 5 / S
V4 Pipe Size: Wall Thk. /TP
5d | S Process: SMAW _ X GTAW X ___GMAW X
Xy | FCAW: SAW X Other
- v, Source  Isotope Curies L]
oZ8-0 | V Physical Size: KVP/MA e
:- 7 - v v, Exposure Time: Jm,; >, SFD: s i
L2-24 | \/ Film/Object Inches: O n‘/:a o
24~ v Geometric Unsharpness: <. 020
26-4 V4 | ALY Pene Type / Size: ,
-t ] Material: Placement
1 -B -} 3 :,; Shims:  Material: S Thlc;nzss DO
.. Marker/# Bel )
2 |V Film: Brand: A! é' EE Type:
243 |/, V. Size:  &f&x)74/0l oad:
45-60| v Emulsion(s) number::
L-3ral 1-2 |« Screens: Front:  ,¢(W(¢) Back:
2-3 (V4 ) Backing: —
L-5 R2A| &) Y ' Viewing  Single: Double —
R Density (Pen.) 2. 2=l
L-GCRI| -] [V Y. Density (weld) min.max X 2T, C
) y VAV
P-Paorosity Si-Slag Inclusion  TI-Tungsten Inclusion f
C-Crack BT-Burn Through  CV-Root Concavity

IF-incomplete Fusion
IP-Incomplete Penetration
S-Surface

El-Elongated Indication

UC-Undercut

MT-Melt Through

FA-Film Artifact

CX-Root Convexity
OX-Oxidation
SK-Shrinkage

The test report shall not he reproduced except in full, without the written approval of the lahoratory; and the recording of false, fictitious,
or fraudulent statements or entries on the certificate may be punished as a felony under federal law. Results are related only to items tested.
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ACUREN

Acuren Inspection

1304 Sadlier Circle West Drive
Indianapolis, IN 46239

(317) 890-9729 Fax:(317)890-8577

A

VISUAL TECHNIQUE RECORD /
INSPECTION REPORT

Form VT-01 Indy

Client Work Order No.: Date:
Midwest Metal 159887 4/28/09
Address/Job Location: Job No.: Specification:
Whitestown, IN Y08125 Client Info
Drawing No.: Procedure:
N/A 0I-308 Rev-3
Part No.: Acceptance:
See Below Client Info. (No Cracks)
Type of Work: Technique No.:
Routine [ New [] Repair [] Rework ] N/A
WELD wep | wewp | SHORS
{DENTIFICATION JOINT SIZE WELD ACCEPT | REJECT REMARKS
. . Preformed a Vac-box inspection test on the chime weld
Chime Weld T-Joint shop X on tank # Y08125. | used 40 psi and 15 Ibs of vacuum.
Leak Detector Spray Batch # 061407
Defect Code: C - Crack NF - Non-fusion S - Slag UC - Undercut
P - Porosity LI - Linear Indication LA - Lamination Other (Specify):
Weld Joint: B - Butt F- Fillet S - Socket WOL - Weld-o-let
SOL - Soc-o-let
inspector: Date: Client:
Inspector: Tim Brummett Date: 4/28/09 Level li:

The test report shail not be reproduced except in full, without the written approval of the laboratory; and the recording of false, fictitious, or
fraudulent statements or entries on the certificate may be punished as a felony under federal law. Results are related only to items tested,
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MIDWEST IMPERIAL

STEEL FABRICATORS, LLC
6145 S. INDIANAPOLIS ROAD
WHITESTOWN, INDIANA 46075

317-769-6489 fax 317-769-5461

May 11, 2009

Fermi National Laboratory

Batavia, Illinois

SUBJECT: Liquid Argon Tank PO 583306

This letter is certification that the subject tank was successfully hydrostatic tested.

The vessel was tested in the full condition at 4.5 psi for a period of 2 hours and no leaks were
detected.

The test was conducted in the Midwest Imperial shop at 6145 S. Indianapolis Road, Whitestown,
Indiana. .

Sincerely,

Lot §

Curt Hillenberg
Quality Control Manager

cc: Job file Y07-116
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VIIIL. D. Empty Pneumatic Test - Internal Pressure

A pneumatic internal pressure test at 3.75 psig (1.25 x MAWP) was successfully completed on
7.22.11 and the test details follow this section title page. In addition, after the pressure test
was complete the relief valve pressure sensing line was returned to its normal configuration

and the tank was pressurized to 3 psig to verify that the relief valve is installed and operating
properly (details attached).
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# Fermilab

Date:” 7/20/11

EXHIBIT B
Pressure Testing Permit*

" Type of Test: [ JHydrostatic [Xj Pneumatic

Test Pressure 3.75 psig Maximum Allowable Working Pressure 3 psig
1.25 x 3 psig = 3.75 psig _

Items to be Tested
" LAPD tank — see attached notes.

Location of Test PC4 Date and Time TBD “-T-/ zb/ Yy
A hm- (p./\

Hazards Involved
Stored energy of compressed gas.

Safety Precautions Taken
See attached notes.

Special Conditions or Requirements
See attached notes.

Qualified Person and Test Coordinator ~ Terry Tope

Dept/Date PPD/MD/
Division/Section Safety Officer SoS ﬁ;ﬁ'g{ Pp /é;#
Dept/Date 4 = Wy
Results
Tank  held 23S Dsiv $or | hour u)/ Ao {Adfented Avep ot der

T oos0Aubll based on

WMW
; alg,gg! lbf\

Witness (//,; D) ; Dept/Date /f) A/ fg/ :)...22- *,//

_Batéy Officer or Designee)

* Must be signed by division/ section safety officer prior to conducting test. Itis the responsibility of the test coordinator to
obtain signatures.

Fermilab ES& H Manual 5034TA-1
, Revised 3/2001
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_ PI-1
Nominal ) PI-1 calculated
reading . psia psig
o

PT-369-Ar  PT-370-Ar ' Dial indicator 1 Dial indicator 2 Dial indicator 3 Dial indicator 4
psig psig thousandths thousandths thousandt

-

thousandths

¥ -

Fro———
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4.00 - 4.00— I
3604 3.60-
3204 3.20
= 2.80-= 280
UI :UI
LL 1w
of 2.4[!—_:15 2.40
o 1
- Jw
}2 E.IIIIII—FZ 2.00
o o
w ’I.EIII—_E 1.60 72 2011 12:27:54 PM
o by ERE
& 1t 3,80
o204 1q.20
0.80-  0.80
0.40-  0.40-
I:II:”:I__ I:II:”:I_ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII%
H:22:59 Al §:43:23 A 10:13:58 Al 10:39:43 A 11:05:12 Al 11:30:87 A 11:86:27 A 12:21:87 P 12:47:42 PM 11311 P 1:383:41 P
Fr22r2011 Fr22r2011 Fr22r2011 Fr22r2011 Fr2212011 Fr22r2011 TI2212011 Fr22r2011 TI2212011 Fr22r2011 Fr22r2011
Fen Mame Description Yalue | Eng Linits High Ower Range Low Ower Range
— PC4 51 PTIEYAF _CW |L&F’Dtankvapnrpressure transmi... 373 | PEID 3.?5| -0.0%
—_— PC4=E1.F‘T3?DA.F_CU LAPD tank vapor pressure transmi... 3.80 | PEID

3.81 o 0.0
Current + | Fl2efz011 1:35:41 PM|

Flezfz01l 7:35:41 AM| |E. Hours Ago - I @




7.21.11
Terry Tope

LAPD tank pressure test notes:

The LAPD tank pilot pressure relief valve (PSV-377-Ar) has a diaphragm which
lifts the main valve seal. Under non-relieving conditions tank pressure is on both
sides of the diaphragm. The tank side of the diaphragm has a smaller surface
area than the relief side. Thus tank pressure on the relief side of the diaphragm
holds the valve shut because the force is larger due to the larger surface area.
When the tank pressure reaches the set point the relief pilot dumps the pressure
on the relief side of the diaphragm and the tank pressure then lifts the seal and
the valve relieves excess pressure in the tank.

For this pressure test PSV-377-Ar has a back pressure regulator (PRV-3) placed
in its pressure sensing line (see Figure 1). PRV-3 is set to relieve at 3.8 psig
such that if the tank pressure reaches 3.8 psig PRV-3 will open and send the
pressure signal to the pilot valve on PSV-377-Ar which will open. This effectively
raises the set point of PSV-377-Ar from 3 psig to 3.8 psig without tampering with
internal the factory settings. PRV-4 sends the tank pressure signal to the pilot
relief until about 2.8 psig to keep the valve closed by supplying the pressure to
the relief side of the diaphragm required to keep the valve closed. Due to the
unequal areas 2.8 psig on the relief side of the diaphragm is enough to keep the
valve closed until the tank reaches 3.8 psig and PRV-3 sends the pressure signal
to the pilot. CV-4 prevents communication between PRV-3 and PRV-4. MV-5
charges the relief side of the diaphragm until the cracking pressure of CV-4 is
reached. This arrangement has been bench tested and documented by Bob
Barger.

PCV-351-Ar is controlled by the PLC and will open at 3.9 psig if PSV-377-Ar fails
to open. PCV-351-Ar can also be remotely opened at any time during the
pressure test.

LAPD tank pressure test procedures

If at any time the tank appears unstable remotely vent the pressure by actuating
PCV-375-Ar thru the computer.

Do not climb up on the tank platform at tank pressures greater than 1 psig.

If any rail car dial indicator indicates total movement exceeding 0.25 inches
during the test remotely vent the tank thru PCV-351-Ar and stop the test.

1. Post “NO ENTRY PRESSURE TEST IN PROGRESS” signage at both
PC4 entrance doors.

2. Only required test personnel may attend the pressure test. No other
work may be carried out in the building during the test.
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3. Make sure the valves required to be closed for the pressure test are
closed per the highlighted flow schematic shown in Figure 1.

4. Position and zero the dial indicators as shown in Figure 2.

5. Make sure MV-350-Ar is open.

6. Actuate PCV-351-Ar from the iFix controls computer. Physically inspect
the valve to make sure it actually moves from the closed to open position
as expected.

7. Verify that PT-369-Ar and PT-370-Ar are indicating and archiving
properly.

8. Close MV-330-Ar.

9. Connect the output of the “Remote Source Feed & Vent Controls” to MV-
330-Ar.

10.Open MV-5 which is the bypass around CV-4 for the start of the pressure
test.

11.Isolate the tank from its sintered metal atmospheric breather assembly.

12.Pressurize the system up to MV-350-Ar to ensure that the pressure
supply is functioning properly.

13.Record the starting pressures indicated by PI-1 and PI-2 and the dial
indicator values.

14.Open MV-350-Ar and pressurize the tank to 0.50 psig as indicated by PI-
1 and then close MV-1.

15. Verify that PT-369-Ar and PT-370-Ar are in reasonable agreement with
Pl-1 and PI-2.

16. Take readings from the 4 dial indicators.

17.Hold this pressure for 10 minutes. If there is no observable pressure
drop continue to next step.

18.0pen MV-1 and pressurize the tank to 1.00 psig as indicated by PI-1 and
then close MV-1.

19. Take readings from the 4 dial indicators.

20.Hold this pressure for 10 minutes. If there is no observable pressure
drop close MV-5 and continue to next step.

21. After this step do not climb up on the tank platform without lowering the
pressure to 1 psig or lower by using PCV-351-Ar or other remove means.

22.0pen MV-1 and pressurize the tank to 1.50 psig as indicated by PI-1 and
then close MV-1.

23.Take readings from the 4 dial indicators.

24.Hold this pressure for 10 minutes. If there is no observable pressure drop
continue to next step.

25.0pen MV-1 and pressurize the tank to 2.00 psig as indicated by PI-1 and
then close MV-1.

26. Take readings from the 4 dial indicators.

27.Hold this pressure for 10 minutes. If there is no observable pressure drop
continue to next step.

28.Change the breathable air supply bottle to ensure enough gas is
available to complete the test.
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29.0pen MV-1 and pressurize the tank to 2.50 psig as indicated by PI-1 and
then close MV-1.

30. Take readings from the 4 dial indicators.

31.Hold this pressure for 10 minutes. If there is no observable pressure drop
continue to next step.

32.0pen MV-1 and pressurize the tank to 3.00 psig as indicated by PI-1 and
then close MV-1.

33.Take readings from the 4 dial indicators.

34.Hold this pressure for 10 minutes. If there is no observable pressure drop
continue to next step.

35.0pen MV-1 and pressurize the tank to 3.375 psig as indicated by PI-1
and then close MV-1.

36. Take readings from the 4 dial indicators.

37.Hold this pressure for 10 minutes. If there is no observable pressure drop
continue to next step.

38.0pen MV-1 and pressurize the tank to 3.75 psig as indicated by PI-1 and
then close MV-1.

39.Take readings from the 4 dial indicators.

40.Hold this pressure for 1 hour.

41.Take readings from the 4 dial indicators.

42.Vent tank thru PCV-351-Ar and reduce tank pressure to ambient.

43.Take readings from the 4 dial indicators.

44.0pen the valve that isolates the sintered metal atmospheric breather.
Lock the valve open.

After the pressure test PSV-377-Ar must be restored to its normal configuration
by directly connecting the pressure sensing line. The valve should then be
tested in this configuration by pressurizing the tank until the valve begins to
relieve at 3 psig.
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Figure 2: LAPD tank pressure test rail car dial indicator positions.
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Tank pressure, psid, reported by

PT-369-Ar and PT-370-Ar
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Test of the LAPD tank primary relief valve PSV-377-Ar installed on the tank in the normal operating configuration.
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VIIL. E. Empty Pneumatic Test - External Pressure

A pneumatic external pressure test at ~0.2 psid was successfully completed on 8.8.11 and the
test details follow this section title page. A vacuum pump reduced the pressure inside the tank
until the pilot relief valve opened to allow ambient air into the tank.
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# Fermilab

Date: 8/3/11

EXHIBIT B
Pressure Testing Permit®

Type of Test: [ |Hydrostatic [X] Pneumatic (external)

Test Pressure 0.2 psid Maximum Allowable Working Pressure . 0.2 psid
Notes: Tank nameplate external pressure rating is 0.2 psid. Analysis shows MAWP is 0,23 psid per ASME DIV 1 and 0.33 psid per ASME Div 2.

Items to be Tested
LAPD tank - see attached notes.

Location of Test PC4 Date and Time ~ TBD 1 :30 8 8. l,

Hazards Involved
Stored energy of compressed gas.

Safety Precautions Taken
Operation of the tank relief valve (PSV-377-Ar) has been bench tested for vacuum relief by Bob Barger in the PAB

calibration shop.

Special Conditions or Requirements
Follow the attached procedure.

Qualified Person and Test Coordinator _Terry Tope
Dept/Date PPD/MD/

Division/Section Safety Officer Y| ESvHt Fee M c&! U
2. 8. 11

Dept/Date

" Results
Reliet om\\ for vawum at ~ S" we and _\-m\c 5.\-1,,4
| &

_Q_"— N“‘W’C while ’ " D a0 AT cgatanll
s 2 morfe Lime 5 - ‘

Witness 4 %‘/ /37 24 Dept/Date ‘—l>l>/f ot §.9%. ” ,

(Safety Offfcer or Designee)

* Must be signed by division/section safety officer prior to conducting test. It is the responsibility of the test coordinator to
obtain signatures. '

Fermilab ES&H Manual . 5034TA-1
Revised 3/2001

veréion 9.2.11 - page 233




External pressure indicated by negative numbers

Differential pressure (psi)
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The above plot shows the external pressure test of the LAPD tank as recorded by PT-369-Ar. The vacuum
relief was actuated 3 times. During the 1% actuation a vacuum pump pumped on the tank for several minutes.
During this period the relief valve held the tank at about 4.4 inches of water external pressure.
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LAPD tank vacuum test notes:

The LAPD tank pilot pressure relief valve (PSV-377-Ar) has an internal pressure
set point of 3 psig and an external pressure set point of 0.18 psig. This test will
reduce the pressure inside the LAPD tank until the vacuum relief opens and
demonstrates its effectiveness for vacuum relief.

At no time during the test should the external pressure indicated by PI-3
exceed 6 _inches of water. Nor should it exceed a 0.21 psi drop from the
starting pressure_indicated by Pl-1_and PI-487-Ar. The vacuum source
should be isolated if the external pressure exceeds these values.

LAPD tank pressure test procedures

1. Remove one of the spare 6 inch blank off conflat flanges on the large

center tank flange. Measure the distance from the sealing surface of the

conflat to the tank floor using a clean tape measure. Mark the perimeter
location of the measurement on the conflat flange.

Insert a new copper seal and close the conflat flange.

Make sure the valves required to be closed for the pressure test are

closed per the highlighted flow schematic shown in Figure 1.

4. Connect dry vacuum pump with a pirani gauge (PE-6), an isolation valve
suitable for throttling (MV-5), and a vent valve (MV-7) to MV-330-Ar as
shown in Figure 1.

5. Make sure MV-330-Ar is closed.

6. Connect the “remote test panel” to a spare VCR-4 fitting on the tank
center flange using 74" black poly for the tubing run from the floor to the
top of the tank. Turn 3-way valve MV-3 towards PI-3 which is a 0-10
inches of water range pressure gauge.

7. Evacuate the piping up to MV-330-Ar to confirm that the vacuum pump is
working properly. A pressure of 100 microns as indicated by PE-6
should be easily attainable.

8. Close MV-5.

9. Open MV-7 and bleed up the vacuum pumping line.

10.Close MV-7.

11.Close MV-483-Ar which isolates the sintered metal tank breather.

12.0pen MV-330-Ar.

13.Note the “zero” readings for PI-3, PI-1, and PI-487-Ar. Add 0.21 psi to
the absolute pressure readings of PI-1 and PI-487-Ar. This value should
not be exceeded during the test.

14.Very slowly open MV-5 and pump the tank to an external pressure of
1.67 inches of water as indicated by PI-3. Observe PI-1 simultaneously
to ensure PI-3 is indicating properly.

15.Close MV-5 and wait 10 minutes to observe any pressure rise. Log the
Pl-1, PI-3, PI1-487-Ar values.

Wn
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16.Very slowly open MV-5 and pump the tank to an external pressure of
3.33 inches of water as indicated by PI-3. Log the PI-1, PI-3, PI-487-Ar
values.

17.Close MV-5 and wait 10 minutes to observe any pressure rise.

18.Very slowly open MV-5 and pump the tank to an external pressure of
about 5 inches of water as indicated by PI-3. Slowly increase the
external pressure beyond 5 inches of water until PSV-377-Ar opens.

19.0nce it is verified that the vacuum relief is functional, fully open MV-5 to
show that the relief valve can handle the full capacity of the vacuum
pump.

20.Log the details of the relieving pressure.

21.Close MV-5. Open MV-7 and bleed up the tank.

22.The external pressure test is now complete.

23.Using the methods outlined in the previous steps actuate the relief valve
for external pressure and note the reset characteristics. Do this 3 times.

24.0pen the valve that isolates the sintered metal atmospheric breather.
Lock the valve open.

25.Remove the spare 6 inch blank off conflat flange previously measured at.
Measure the distance from the sealing surface of the conflat to the tank
floor using a clean tape. Measure at the previously marked perimeter
location.

26.Insert a new seal and close the conflat flange.
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Figure 1. Flow schematic for LAPD tank vacuum test.
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IX. Tank Filling Procedure

The current version of the tank filling procedure can be found here:

http://lartpc-docdb.fnal.gov:8080/cgi-bin/ShowDocument?docid=553
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